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Appendix I-A: Derivation of inhalation reference doses.' 
= 
CHEMICAL TOXIC REGULATORY iw CONVERSION TO UNCERTAINTY ESTIMATED 

CONCENTWTIDN AGENCY CONTINUOUS FACTOR (UF)" RfD 
USED IN REFERENCE FOR EXPOSURE OWW'4 
DERIVATION SELECTED (w/m') 
(w/m') TOXIC 

CONCENTRATION 

Arsenic l.OE-02 DSHA" 4.OE-03 10(H), lO(MF) l.OE-05 

Beryllium 5.OE-04 NI[OSH" 2.OE-04 10 (H) 6.OE-05 

Elis(2-ethylhexyl)phthalate 5.OEtOO D!iHA" 2.OlE+OO 10(H), lO(MF) 6.OE-03 

Cadmium 7.OE-03 WHOI' 
b 

lO(HJl, lO(MF) 2.OE-05 

Chromium-111 5.OE-01 ACGIH" 2.OE-01 lO(H lO(MF) 6.OE-04 
(TLV-TVA) 

Cyanide 5.OEtOO N:[OSH= 2.OEtOO 10(H]1, lO(MF) 6.OE-03 

Lead 3.2E-03 I6 
b 

10(H), lO(MF) 9.OE-068 

Silver l.OE-02 N:IOSHl' 4.ClE-03 lO(H]l 1 .OE-04, 

i!inc 5.OE-01 OISHA” 2.ClE-01 lO(H]I, lO(MF) 6.OE-04, 
= 

a. Derivation oi rLafeTeIIEe domea, 
1 Ii *“ailable MY& oonlxntratlon w** based on moupational *ata, the value was cc.““tlrt.ed to continucms ex*oe.,ua aa hollow., 

Toxic CollCB”trarlDn tm cont.inuou. exposure (raglrn3, - TOXIC! concenfratilm (mg,rn3) x (10 mx?o ml) P (5 d/7 d:, 
- To estimate the refer‘lncs dose: 

Bstimated RfD m/kg/d) - Toxic concentration l(mglrn3) x 20 m3,* , 70 kg , m 
b. *o converhxl warn performed bsc*u.a toxic EmlCemtra.tiO” VIas baaed on co”ti”“o”n expomrm. 
E. (El) = mman E.Ear.sitlvity, (W) - mcdifyins 1rvJto* (uncert4intfe.a related tD loAEL assm~pt.io”~, lees aan cont.io~,ou* axpnmra,, tmic “aha, etc.) 
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TRA WRN UASTE POND 
I”TERIN IACTION 
1ND”STRIAL SCENARIO 

,NHAl.AT,tDN OF SOIL-CWITANINATED AIR 
NONCARCIlYOGENIC EFFECTS 

EPA REGItDN 10. UPPER*BWND CASE 

CHEMICAL 

AS 

Be 
91s 
Cd 

b-1 I I 
Cyanide 

cI Ng 
Pb 

E Ag 
Sulfide 
2" 

CONC. IINH. RATE 
MGIW3 ,I310 

l.ZlE-07 79 
5.06E-08 79 
3.42E-08 79 
7.17E-08 79 
7.77G-06 79 
2.26-E-08 79 
6.19E-08 79 
c.opE-07 79 
5&E-08 79 
6.36E-07 79 
3.29E-06 79 

KEXP. EF 
DAV!WR 

ED BY 
YEARS KG 

0.4 365 40 70 
0.4 365 4,o 70 
0.4 365 4,o 70 
0.4 365 4,o 70 
0.4 365 4,o 70 
0.4 365 4.0 70 
0.4 365 4.0 70 
0.4 365 4.0 70 
0.4 365 4.0 70 
0.4 365 4.0 70 
0.4 365 480 70 

AT DOSE IW'IAKE RfD, CHIR 
DAVS NGIKG MG/I<GID UWKGfD 

27375 7.97E-04 2.9W08 l.OOE-Cl5 
27375 3.33E-04 1.22lE-08 6.00E-06 
27375 2.25E-04 &23E-09 6.00E-03 
27375 4.73E-04 1.7X-08 2.00E-05 
27375 5.12E-02 1.871E-06 6.00E-Cl4 
27375 1.49E-04 5.44lE-09 6.OOE-03 
27375 4.08E-04 1.49lE-08 9.OOE-05 
27375 2.70E-03 9.85lE-08 9.00E-CM 
27375 3.32E-04 1.21iE-08 l.OOE-II4 
27375 4.19E-03 1.53,E-07 
27375 2.17E-02 7.92E-07 6.00E-G4 

HI 

2.9E-03 
t.OE-03 
1.4E-06 
8.6E-04 
3.1E-03 
9.1E-07 
1.7E-04 
l.lE-02 
1.2E-04 

1.3E-03 

Z.lE-02 Total 



TRA "AR" UASTE POND 
INTERIM ACTION 
INWSTRIAL SCENARIO 

INHALATION, OF SOIL-CGNTAMINATEG A,IR 
NONCARCI~IOGENIC EFFECTS 

EPA REGIWI 10, AMRAGE CASE 

CHEMICAL CONC. INH. RATE 
UGfW3 1(3/D 

A8 
SC 
SIS 
Cd 
cr-III 
Cyanide 

M "g 
Pb 

Is: Ag 
Sulfide 
2n 

1.21E-07 
5.06E-08 
3.42E-08 
7.17E-08 
7.77E-06 
2.26E-08 
6.19E-08 
4.09E-07 
5.LV.E~08 
6.36G-07 
3.29E-IX 

43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 

PXP. EF 
OAVWVR 

El> 
YEA& 

au AT DOSE INTAKE RfO, CHR 
KG DAYS UGfKG UG/KGfD "G,KG,ID 

0.25 365 110 70 27575 6.72-E-05 2.48ti-09 l.OGE-05 
0.25 365 110 70 27375 2&E-05 l.O4ti-09 6.0OE-06 
0.25 365 110 m 27375 l.'PZE-05 7.00ti-10 6.0GE-03 
0.25 365 110 70 27375 C.GZE-05 1.47fi-09 2.00E-05 
0.25 365 1'0 70 27375 4.56E-03 1.59Ii-07 6.OOE-04 
0.25 365 VI 70 27375 1.27E-05 4.6311-10 6.00E-03 
0.25 365 10 70 27375 3.47E-05 1.2711-09 9.OOE-05 
0.25 365 IO 70 27373 2.29E-04 8.37tl-09 P.OOE-06 
0.25 365 10 70 27375 2.83E-05 l.O3t!-09 l.OOE-04 
0.25 365 10 70 27375 3.57E-04 1.301i-MI 
0.25 365 10 70 27375 1.84E-03 6.74E-08 6.00E-04 

HI 

2.5E-04 
1.7E-04 
1.2E-07 
7.3E-05 
2.7E-04 
7.7E-08 
1.4E-05 
9.3E-04 
l.OE-05 

l.lE-04 

l.BE-03 TOM 



TRA WRW UASTE POND 
INTERM ACTION 
,“D”STRIAL SCENARIO 

,NHALA,,oN OF SOIL-CCwAn*NATED AIR 

NCWARCIlWGENIC EFFECTS 

ADJUSTED UPPER-GWND CASE, 20 H/ID 

CHEMICAL CONC. IN”. RATE 
bIGfIt IWD 

XEXP. 

AS l.ZlE-07 
Be 5.w-OS 
SIS 3.42E-OS 
cd 7.17E-OS 
m-111 7.77E-04 
Cyanide 2.26E-OS 

l-4 “g b.lPE-08 
pb 

g Ag 
4.09E-07 
5.04E-08 

Sulfide t&ME-07 
2” 3.29E-06 

20 0.4 
20 0.4 
20 0.4 
20 0.4 
20 0.4 
20 0.4 
20 0.4 
20 0.4 
20 0.4 
20 0.4 
20 0.4 

EF ED GU 
DAYWYR YEARS KG 

365 40 70 
365 40 70 
365 40 70 
365 40 70 
365 40 70 
365 40 70 
365 40 70 
365 40 70 
365 40 70 
365 40 70 
365 40 70 

AT DOSE 
DAYS ffi/KG 

27375 Z.OZE-04 
27375 G&E-OS 
27375 5.71E-05 
27375 l.ZOE-04 

27375 1.30E-02 
27375 3.77E-05 
27375 l.O3E-04 
27375 6.82~~04 
27375 8.41E-05 
27375 l.O6E-03 
27375 5.49E-03 

INTAKE RfD, CHR 
lIG/l:G/D MC/KG/D 

7.3%-09 l.OOE-05 
3.OGli-09 6.OOE-06 
Z.OGIi-09 6.OOE-03 
4.37Ii-09 Z.OOE-05 
4.7411-07 6.OOE-04 
1.3811-09 6.00E-03 
3.77X-09 9.OOE-05 
2.49li-08 9.WE-06 
3.07X-09 l.OOE-04 
3.6Gli-08 
Z.OlE-07 6.OM-04 

HI 

7.4E-04 
S.lE-04 
3.5E-07 
Z.ZE-04 
7.9E-04 
2.3E-07 
4.2E-05 
Z&-O3 
3.1E-05 

3.3E-04 

5.4E-03 



TRA UARR 'WASTE POND 
INTERIM ACTION 
INDUSTRIAL SCENARIO 

INHALATIOX OF SOIL-CONTAMINATE0 AIR 

NfflCARCIN~DGENIC EFFECTS 

ADJUSTED AVERAGE CASE,, 20 M3/D 

CHENICAL CONC. IGH. RATE XEXP. EF 
ISWIt WD DAIWYR 

A8 l.ZlE-07 
Be 5.06E-06 

GIS 3.42E-08 
cd 7.17E-08 

w-111 7.77E-06 

Cyanide 2.26E-On 

h-4 "g 6.19E-08 
Pb 

' Ag 

4.09E-07 
5.04E-OG 

Sulfide 6.36E-07 

zn 3.29E-06 

20 0.25 :365 10 70 27375 3.15E-05 l.lSE-09 l.OOE-03 
20 0.25 :365 10 70 27375 l.!iZE-05 4.82E-10 6.00E-Oii 
20 0.25 :365 10 70 27375 &SIZE-06 3.26E-10 6.00E-03 
20 0.25 :365 10 70 27375 l.wE-05 6.83E-10 Z.OOE-03 
20 0.25 :365 111 70 27375 Z.G3E-03 7.40E-08 6.00E-04 
20 0.25 :365 10 70 27375 S.lwE-06 Z.lSE-10 6.00E-03 
20 0.25 :365 10 70 27375 l.(ilE-05 S.WE-10 9.00E-O!i 
20 0.25 :365 10 70 27375 l.O7E-04 3.WE-09 9.00E-06 

20 0.25 :365 10 70 27375 l.!ilE-05 4.80E-10 l.OOE-04 
20 0.25 1365 10 70 27375 l.liiE-04 6.06E-09 
20 0.25 1365 1G 70 27375 8.5BE-04 3.13E-08 6.OLlE-01, 

EDI 
YEARS 

GU 
KG 

AT DOSE 
DAYS HG,KG 

INTAKE RfD, CHG 
PIG/KG/D HG/KGi% 

HI 

l.ZE-04 
G.OE-05 
5.4E-08 
3.4E-05 
l.ZE-04 
3.6E-08 
6.6E-06 
4.3E-04 
4.8E-06 

S.ZE-05 

Total 8.5E-04 



TRA UARR UASTE POND 
INTER,” AC,,ON 

INDUSTRIAL SCENARIO 

INNALATICIN OF SOIL-CONTAMINATED AilR 
NONCARCIIIOGENIC EFFECTS 

EXPOSURE: 40 HRSIUK, 50 UKIYR, 40 IRS 

CIIEHICAL CBNC. IN". RATE KEXP. EF El, 
nw3 n3lD DAYSIYR "EAR!I 

AS 1.2lE-07 
Be 5.06E-08 
RIS 3.42E-OS 
Cd 7.17E-OS 
W-111 7.77E-06 
Cyanide 2.26E-OS 

c-( "S 6.19E-OS 
Pb 

z A# 
4.09E-07 
5.04E-OS 

Sulfide b.ME-07 
2n 3.29E-06 

20 1 83.3 40 
20 1 83.3 40 
20 1 83.3 411 
20 1 03.3 413 
20 1 883.3 40 
20 1 83.3 CID 
2G 1 63.3 40 
20 1 83.3 410 
20 1 83.3 410 
20 1 ei3.3 410 
20 1 83.3 410 

BU 
KG 

70 
m 
70 
70 
70 
70 
70 
70 
7G 
70 
70 

AT DOSE INlAKE RfD, CNR 
DAYS IIG/KG ~GlY:G/D I4G/KG/G 

27375 l.'I5E-04 4.212-09 l.OOE-0!5 
27375 4.1B2E-05 1.76E-09 6&E-a5 
2Ai3 3.;26E-05 l.lpE-09 &OOE-0:J 
27375 6.;BE-05 2.4%:-W 2.00E-Oi5 
27375 7.,COE-03 2.7OE-07 b.OOE-a4 
27375 2.15E-05 7.E%:-10 6.00E-LX3 
27375 5.;89E-05 2.15E-09 9.00E-0!5 
27375 3.sS9E-04 1.42E-OS 9.oM-G6 
27375 L.mSOE-05 1.75~~09 l.OOE-DC 
27375 6.:05E-04 2.211-08 
27375 3.13E-03 l.lui-07 6.00E-a4 

HI 

4.2E-04 
2.9E-04 
2&E-07 
1.2E-04 
4.5E-04 
1.3E-07 
2.4E-05 
l&-03 
l.SE-05 

1.9E-04 

3.lE-03 TOta1 



TRA WRH UASTE POND 
,N,ER,W ACT,O# 
INDUSTRIAL SCENARlO 

INNALWION OF SOIL-CMITAMNATEO Ah 

NONCARCINOGENIC EFFEC'IS 

EXPOSURE: 5 NRSIK, !iO IWYR, 40 YRS 

CHEWCAL CONC. IIYN. RATE KEXP. 
MGIW3 wo 

AS 
se 

SIS 
Cd 

m-111 
Cyanide 

I "g 
I Pb 

g Ag 

Sulfide 
2n 

l.ZlE-07 20 1 1'0.4 411 70 
5.0&-Oa 20 1 10.4 40 70 
3.42E-08 20 1 10.4 411 70 
7.17E-06 20 1 10.4 4G 7G 
7.77E-06 20 1 10.4 40 70 
2.26E-08 20 I 10.4 40 70 
6.19E-08 20 1 10.4 40 7G 
4.09E-07 20 1 10.4 40 70 
5.04E-08 20 1 10.4 40 70 
6.36E-07 20 1 10.4 40 70 
3.29E-06 20 1 10.4 40 70 

EF EG BY 
DAWYR YEAR!; KG 

AT 

DAYS 

27375 l.r;4E-05 5.25E-10 l.OOE-O!i 
27373 6.GlE-06 Z.ZOE-10 6.00E-06 
27373 4.06E-06 1.4GE-10 6.00E-03 
27375 S.!iZE-06 3.llE-10 Z.ODE-D!i 
27375 9.;!4E-D4 3.37E-OS 6.ODE-@I 
27375 Z.tiPE-06 9.81E-11 6.DOE-03 
27375 7.3&-06 2.69E-IO 9.OOE-015 
27375 4.116E-05 1.7GE-09 9.00E-M 
27375 5.!)9E-06 2.19E-10 l.ODE-a: 
27375 7.!i6E-05 2.76E-09 
27375 3.!IlE-04 1.43E-OS 6.00E-LX 

DOSE INTAKE RfO, CM, 
WG/KG HG/KG/D IIGIKG,,, 

HI 

5.3E-05 
3.7E-05 
2.5E-08 
1.6E-05 
5.6E-05 
1.6E-08 
3.OE-06 
2.OE-04 
2.2E-06 

2.4E-05 

3.9E-04 



TRA UARM IlASTE PDNO 
INTERIM ACTION 
,NO"STRIAL SCENARIO 

INNALATIDII OF SOIL-CDNTAMINATED AIR 
NONCARCINGGENIC EFFECTS 

EXPOSURE: 40 NRSM, 50 "KIIR, IO YRS 

CHEMICAL 

AS 
Be 
SIS 
Cd 
m-111 
Cyanide 

c( Hg 

& Pb 
Ag 
Sulfide 
2n 

CDNC. INH. RATE 
MO/R3 )13/D 

l.ZlE-07 20 
5.DM-08 20 
3.42E-08 20 
7.17E-08 20 
7.77E-G6 20 
2.26E-08 20 
6.19E-08 20 
4.09E-07 20 
5&E-08 20 
6.36E-07 20 

3.2%-06 20 

%EXP. 

1 
1 
1 
1 
1 
1 
1 
1 

'1 
1 
1 

EF 
DAYSfYR 

ED 8" 
YEARS KG 

Al DOSE INTAKE RfO, CNR 
DAYS IWKG IIG/Kli/D IIGIKG/D 

83.3 IO 70 27375 2.8SE-05 1~.05E-09 l.OM-05 
83.3 IO 70 27375 1.2OE-05 4.40E-10 6.ooE-06 
83.3 10 70 2737.5 B.lCE-06 2.97E-IO 6.DOE-03 
83.3 10 70 27375 1.71E-05 6.23E-10 2.OOE-05 
83.3 IO 70 27375 1.85E-03 6.76E-08 6.00E-04 
83.3 IO 70 27375 5.38f-06 1.96E.,lO 6.00E-03 
83.3 IO 70 27375 1.47E-05 5.38E..lO 9.00E-05 
83.3 IO 7G 27375 9.73E-05 3.56E-09 9.00E-06 
83.3 IO 70 27375 I.ZOE-05 4.38E-10 l.OOE-04 
83.3 IO 70 27375, 1.51E-04 5.53E,,W 
83.3 IO 70 27375 7.83E-OC 2.86E..O8 6.00E-04 

HI 

l.lE-04 
7.3E-05 
5.OE-08 
3.1E-05 
l.IE-04 
3.3E-08 
6.OE-06 
C.OE-04 
4.4E-06 

4.8E-05 

7.8E-04 



TRA UARM "ASTE PGNO 
INTER," ACTION 
INDUSTRIAL SCENARIO 

INHALATION OF SOIL-COU'IARINATED AIR 
NDNCARCINOGENIC EFFECT!, 

EXF'OSURE: 5 NM/UK, 50 UKIVR, IO IRS 

CHEIIICAL CONC. INH. RATE XEXP. 
MGIKI 113/o 

AS 1.21E-07 20 1 10.4 10 70 
Be 5.06E-08 20 I 10.4 IO 70 
81s 3.42E-08 20 I 10.4 IO m 
Cd 7.17E-08 20 I 10.4 IO 70 
w-111 7.772-06 20 1 10.4 IO m 
Cyanide 2.26E-08 20 I 10.4 IO 7G 

fig 6.19E-08 20 I 10.4 IO 70 
Pb 4.09E-07 20 I 10.4 IO 70 

Ag 5.04E-08 20 I 10.4 IO M 
Sulfide 6.36E-07 20 I 10.4 IO 70 
2n 3.29E-06 20 I 10.4 10 70 

IEF ED 8U 
DAVS/IR YEARS KG 

.._ 

Al DOSE INTAKE RfO, CHR 
DAYS NGfKG llGlKG/D HG,KG,D 

27375 3.MlE-06 1.31E-10 l.OOE-05 
27375 1.5GE-06 5.49E-11 6.WE-06 
27575 l.Oi!E-06 3.71E-11 6.OGE-03 
27375 2.l!iE-06 7.7%~11 Z.DOE-05 
27375 2.3lE-G-4 8.43E-09 6.00E-04 
27375 6.7i!E-07 2.45E-11 6.00E-03 
27375 1.84E-06 6.72E-11 9.00E-05 
27375 1.22E-05 4.44E-10 9.00E-06 
27375 1.5GE-06 5.47E-11 l.OOE-04 
27375 1.89E-05 6.9OE-10 
27375 9.7IlE-05 3.57E-09 6.00E-04 

HI 

1.3E-05 
9.2E-06 
6.2E-09 
3.92-06 
1.4E-05 

4.1E-09 
7.5E-07 

4.9E-05 
5.5E-07 

6.OE-06 

Total 9.7E-05 



TRA UARM UASTE PDNO 
INTER," ACTIDN 
INO"STRI,LL SCENARIO 

INHALATION OF SOIL-CONTAIIINATED A:IR 
NONCARCIIIOGENIC EFFECTS 

EXPOWRE:: 40 HRS,"K, 50 UKIVR, 1 VR 

CHEMICAL CONC. IN". RATE XEXP. 
HG/M3 

A6 1.21E-07 20 1 83.3 
Se 5.06E-OS 20 1 83.3 
SIS 3.42E-08 20 1 83.3 
Cd 7.17E-08 20 1 83.3 
cr-III 7.77E-De. 20 1 fLi.3 
Cyanide 2.26E-08 20 I a.3 

- No 6.19E-08 20 I S3.3 
s Pb 4.09E-07 20 1 83.3 
- Ag 5.04E-08 20 1 83.3 

Sulfide b.ME-07 20 1 l13.3 
2n 3.29E-06 20 1 13.3 

M3lD 
EF 

DAVS,VR 
El1 su 

YEA&S KG 

1 70 
1 70 
1 70 
1 70 
1 m 
1 70 
1 70 
1 70 
1 70 
1 70 
1 70 

AT DOSE INTAKE RfO, CH,R 
DAYS HGIKG HWKGIO "G/KG,,0 

27375 Z.E8E-06 1.051-10 l.OOE-05 
27375 1.20E-06 4.401-11 6.DOE-G6 
27375 8.14E-07 2.9711-11 6.00E-03 
27375 1.71E-06 6.23fi-11 2.0DE-05 
27375 1.85E-04 6.76Ei-09 6.DGE-04 
27375 5.38E-07 1.96fi-11 6.00E-03 
27375 1.47E-06 5.38Ei-11 P.OOE-05 
27375 9.TJE-06 3.56ti-IO P.OOE-06 
27375 1.2DE-06 4.38ti-11 l.ODE-04 
27375 l.SlE-05 5.53ti-10 
27375 7.83E-05 2.8.%-09 6.OOE-04 

HI 

l.lE-05 
7.3E-06 
S.OE-W 
3.1E-06 
l.lE-05 
3x-09 
6.OE-07 
4.OE-05 
4.4E-07 

4.8E-06 

7&-05 Total 



TRA UARM 'MAST.5 PMlD 

INTERIM ACTION 
INDUSTRIAL SCENARIO 

INHALATION OF SOIL-CDIITAPIINATEO AIR 
NONCARCINGGENIC EFFECTS 

EXPOSURE: 5 NRS,UK, !iO "KIVR, 1 VR 

CNEMCAL COWC. III". RATE XEXP. 

NC/M3 113/o 

AS 1 .ZlE-07 20 1 10.4 
se 5.06.5-08 20 1 10.4 
81s 3.42E-08 20 1 10.4 
Cd 7.17E-08 20 1 III.4 
cr-III 7.77E-06 20 1 III.4 
Cyanide 2.26E-08 20 1 10.4 

- "g 6.19E-08 20 1 10.4 

E! 
Pb 4.09E-07 20 1 10.4 

N ALI 5.04E-08 20 1 Ill.4 
Sulfide 6.36E-07 20 1 113.4 
2n 3.2x-06 20 1 IO.4 

EF 
DAVS,IVR 

EC1 

YEARS; 

1 
1 
1 
1 
1 
1 
1 
1, 
1: 
1, 
li 

BY AT DOSE 
KG DAYS MC/KG 

70 27375 3&x-07 
70 27375 l.!iOE-07 
70 27375 l.GZE-07 
70 27375 2.113E-07 
70 27375 Z.!ilE-05 
70 27375 6.72E-08 
70 27375 l&E-O7 
m 27375 l.i!ZE-06 
70 27375 1 .!iOE-07 
70 27375 l.fWE-06 
70 27375 9.78E-06 

INUKE RfD, CHS 
I(G,KG,D I,G,KG,II 

1.31E-11 
5.49E-12 
3.71E-12 
7.78E-12 
8.43E-IO 
2.45E-12 
6.72E-12 
4.44E-11 
5.47E-12 
6.9UE-11 
3.57E-10 

l.OOE-05 1.3E-06 
6.00E-o(i 9.2E-07 
6.00E-03 6.2E-10 
z.oOE-05 3.9E-07 
6.OOE-01, 1.4E-06 
6.00E-03 4.IE-10 
P.OOE-05 7.5E-08 
P.OOE-06 4.92-06 
l.OOE-04 5.5E-08 

6.00E-01; b.OE-07 

“I 

9.7E-06 



TRA UARIl WSTE PDND 
INTERIM ACTION 
INGUSVRIAL SCENARIO 

INHALA,,ON OF SOIL-CCNTAMINATED AIR 
CARCINGGENIC EFFECTS, CHEMICALS 

EPA REGION 10. UPPER-SOUND CASE 

CHEMICAL CDNC. INH. RATE KEXP. EF ED 
MG/143 )13/D DAVS,VR “EARS 

AS 1.21E-07 79 0.4 365 40 70 
Be 5.D6.E~08 79 0.4 365 40 70 
01s 3.42E-08 79 0.4 365 40 7G 
Cd 7.17E-08 79 0.4 365 40 70 
cr-III 7.77E-06 79 0.4 365 40 7G 
Cyanide 2.26E-08 79 0.4 365 40 70 

Y “g 6.19X-08 79 0.4 365 40 70 
s Pb 4.09E-07 79 0.4 365 40 70 
w Ag 5.046-08 79 0.4 365 40 70 

Sulfide 6.36E-07 79 0.4 365 40 70 
20 3.29E-06 79 0.4 365 40 70 

BY 
KG 

AT DOSE 
DAYS MC/KG 

27375 7.97E-04 
27375 3.33E-04 
27375 2.25E-04 
27375 4.i,E-04 
27375 5.12E-02 
27375 1.49E-04 
27375 4.08E-04 
27375 2.7DE-03 
27375 3.32E-04 
27375 4.19E-03 
27373 2.17E-02 

INlIAKE SF, INH. CANCER EPA 
UC/KG/D M/KG/O -1 RISK CLASS 

8.741i-09 5.0GEtOl 4.4E-07 A 
l.ZZli-08 B.COE+OO l.OE-07 62 
8.231i-09 1.40E-02 l.ZE-10 S2,INH. IDRAL SF) 
1.73~08 6.10E+OO l.lE-07 61 
1.87E-06 
5.441!-09 
1.49li-08 
9.851I-08 
I.ZIII-08 
1.531!-07 
7.921!-07 

6.4E-07 



TRA YARN “ASTE POUD 

INTERIM ACTIO)( 
INDUSTRIAL SCENARIO 

INHALATID~ OF SOIL-COIITAMINATED AIR 
CARCINOGENIC EFFECTS, CHEMICALS 

EPA REGIDY 10, AVERAGE CASE 

CHEWCAL 

AS 
se 
BIS 
Cd 
W-111 
Cyanide 

- ns 
8 

z 
Pb 

P Ag 
Sulfide 
zn 

Total 

CONC. INN. RATE 
NW43 IWD 

XEXP. 

l.ZlE-07 43 0.25 365 
s.ME-Do 43 0.25 365 
3.42E-OS 43 0.25 365 
7.17E-08 43 0.25 365 
7.77E-06 43 0.25 365 
2.26E-OS 43 0.25 365 
6.19E-08 43 0.25 365 
4.09E-07 43 0.25 365 
5.04E-Oa 43 0.25 365 
6.36E-07 43 0.25 365 
3.29E-06 43 0.25 365 

EF 
DA”S,“R 

ES su 
“EAR!; KG 

AT 
DAYS 

DOSE INTAKE SF, IN”.. CANCER EPA 
NWKG HG,KG,D HGIKGID ..l RISK CLASS”,, 

10 m 27375 6.78E-05 7.43E-10 S.OOE+O’l 3.7E-OS A 
10 70 27375 2.ME-05 l.O4E-09 8.40E+OG 8.7E-09 02 
10 7D 27375 l.!?2E-05 7.00E-10 1.40E-02 9&E-12 S2,IYN. (oRI SF) 
10 70 27375 4.132E-05 1.47E-09 6.10E+Oll 9.OE-09 Sl 
III 70 27375 4.:ME-03 1.59E-07 
10 70 27375 1.27E-D5 4.63E-10 
10 70 27375 3.47E-05 1.27E-09 
10 70 27375 2.29E-04 8.37E-09 
10 70 27375 2.IUE-05 l.O3E-09 
10 70 27375 3.!ZE-04 1.30E-OS 
10 70 27375 l&E-03 6.74E-08 

5.5E-OB 



1 

I 
: 

TRA “ARM, UASTE POND 
,NTERIhI ACTION 
,ND”STR,AL SCENARlO 

IUHALATION OF SOIL-CIWTAWINATED AIR 
CARCINO%ENIC EFFECTS, CHEMCALS 

ADJUSTED1 UPPER-SOUND CASE, 20 li31’D 

CHEk,ICAL, CONC. INN. RATE %EXP. EF liD EU AT DOSE INTAKE SF, IN,,. CANCER EPA 

NG/N3 113/D DAYS,YR TEAM KG DATS NG,KG “G,K”D RS,KG,D -1 R,SK CLASS 

AS 
Be 
E,S 
Cd 
cr-III 

Hg 

z 
Pb 

v) Ag 
Sulfide 
2n 

1.21E-07 20 0.4 365 

s.D6E-Da 20 0.4 365 

3.42E-MI 20 0.4 365 

7.172-08 20 0.4 365 

7.77E-06 20 0.4 365 

2.26E-08 20 0.4 365 
6.19E-OS 20 0.4 365 

4.WE-07 20 0.4 365 
5.04E-OS 20 0.4 365 
6.36E-07 20 0.4 365 
3.29E-E-06 20 0.4 365 

40 70 
40 70 
40 70 
40 70 
40 70 
40 70 
40 70 
40 70 
40 70 
40 70 
I40 70 

27375 2,.02E-04 Z.ZlE-W S.OOE*Ol l.lE-07 A 
27375 8,.44E-05 3.08E-09 8.4DE+IlO Z.&-D8 82 
27375 5,.7lE-05 Z.OBE-09 1.40E-II2 2.9E-11 S2,INH. (ORAL SF, 
27375 1.20E-04 4.37E-09 6.lOE+OD 2.7E-0.5 81 
27375 1.30E-02 4.74E-07 
27375 3.77E-05 1.3EE-W 
27375 l.D3E-04 3.TIE-W 
27375 6.82E-D4 2.49E-08 
27375 8.41E-05 3.07E-09 
27375 1 .OM-03 3.8&E-08 
27375 5.49E-03 2.01E-07 

Total 1.6E-07 



TRA “ARM UASTE F’OND 
INTERIM ACTIOW 
INWSTRIAL SCENARIO 

INHALATION OF SOIL-COYITAMNATED AIR 
CARCINOGliNIC EFFECTS, CHEIUCALS 

ADJUSTED AVERAGE CASE, 20 1(3/D 

CHEMICAL CWC. INH. RATE KXP. EF E,D 
NGlN3 MID DAVBfYR VEARS 

A8 1.21E-07 20 0.25 365 10 
Be 5.06E-08 20 0.25 365 10 
SIS 3.42E-08 20 0.25 365 10 
Cd 7.17E-08 20 0.25 365 10 
cr-III 7.77E-06 20 0.25 365 10 
Cyanide 2.26E-08 20 0.25 MS 10 

H Hg 6.19E-08 20 0.25 365 10 
b Pb 4.09E-07 20 0.25 365 10 

~n *g S.D4E-08 20 0.25 365 10 
Sulfide 6.36E-07 20 0.25 365 10 
2n 3.29E-06 20 0.25 365 10 

9u 
KG 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

27375 3.15E-05 3.46II-10 S.ODE+Ol 1.7E-08 A 
27375 1.32E-05 4&X-10 8.40E+DD 4.OE-09 82 
27375 8.92E-06 3.26Ii-10 1.4DE-02 4.M-12 112,INH. (ORAL SF) 

27375 l.E7E-05 6.831-10 6.10E+OD 4.2E-W 81 
27375 Z.D3E-03 7.401I-08 
27375 5.89E-06 2.151:-10 
27375 1.61E-05 5.9Oli-10 
27375 l.D7E-04 3.901:-W 
27375 1.31E-05 4.84X-10 
27375 1.66E-04 6.06II-09 
27375 8.58E-04 3.13ii-08 

Total 2.6E-08 

AT 
DAYS 

DOSE INTAKE SF, INH. CANCER EPA 
NGIKG IIWKGID WGIKGID -1 RISK CLASS, 



TRA MAR,, WASTE POND 
INTERIN ACTION 
INDUSTRIAL SCENARIO 

,NHALATII)N OF SOIL-COMTAMINATED AIR 
CARCINffiliNIC EFFECTS, CHEMICALS 

EXPOS”RE;: 40 HRS/UK, 50 IJKIYR. 411 IRS 

CHEMICAL CONC. IN”. RATE 
UG/IIS 113/o 

XEXP. 

AS 
Be 
@IS 
Cd 

cr-III 
Cyanide 

- Hg 

z 
Pb 

v A9 
Sulfide 
2” 

Total 

1.21E-07 
5.06E-08 
3.42E-08 
7.17E-08 
7.77E-06 
2.26E-08 
b.l9E-08 
4.09E-07 
5.04E-08 
6.36E-07 
3.29E-06 

20 1 we.3 40 7D 27375 l.lSE-04 1.2&i-W S.OOE+Ol 6.3E-08 A 
20 1 c3.3 40 m 27375 4.82E-05 1.7611-W 8.4OE+OD 1.5E-08 S2 
20 1 13.3 40 70 27375 3.26E-05 1.19X-W 1.4OE-02 1.7E-11 S2,INH. (MULL SFI 

20 1 83.3 40 70 27375 6.83E-05 2.4911-09 6.lDE+OO l.SE-oa Sl 
20 1 l13.3 40 70 27375 7.40E-03 2.7Oli-07 

20 1 83.3 40 70 27375 2.15E-05 7.8611-10 

20 1 83.3 40 70 27375 5.89E-05 2.15li-W 

20 1 83.3 40 70 27375 3.89i-04 1.421i-08 

20 1 83.3 40 70 27375 4&x-05 1.7x-w 
20 1 83.3 40 70 27375 6.05E-04 Z.Zlli-08 
20 1 83.3 40 70 27375 3.13E-03 l.l4Ii-07 

EF E!D 9u AT DOSE INTAKE SF, I”“. CANCER EPA 
DA”S,YR YEARS KG DAYS MWKG HG,KG,D llG,KG,D -1 RISK CLASS 

9.3E-08 



TRA WARM UASTE POND 
INTERIII ACTIO" 
INDUSTRIAL SCENARIO 

INNALATICW OF SOIL-COIYTAMINATED AIR 
CARCINOGENIC EFFECTS, CHEMICALS 

EXWSURE: 5 HRSIK, !SD UKIYR, 40 IRS 

CHEHICAL 

AS 

Be 
BIS 
cd 

cr-III 
Cyanide 

I-4 MS 
I 

Pb 

*g 
Sulfide 
2n 

Total 

COW. IIN. RATE 
It61113 113/D 

1.2lE-07 20 

5.06E-08 20 
3.42E-08 20 
7.17E-08 20 
7.77E-06 20 
2.2M-Oa 20 
6.19E-08 20 
o.Lxc-07 20 
5.04E-DE 20 
6.36E-07 20 
3.29E-06 20 

PXP. 

1 10.4 40 70 27375 1.44E-05 1.58E-10 S.OOE+O'I 7.9E-w A 
1 10.4 40 70 27375 6.OlE-06 Z.ZOE-10 8.40E+DG l.GE-09 S2 
1 10.4 40 70 27375 4.0&E-06 1.48E-10 1.4OE-02 Z.lE-12 S2,INH. (ORAL SF) 
1 10.4 40 70 27375 B.!iZE-06 3.11E-10 6.10E+OG 1.9E-09 Bl 
1 10.4 40 70 27375 9.24E-01 3.37E-08 
1 10.4 40 70 27375 Z.tiPE-06 9.81E-11 
1 10.4 40 70 27375 7.36E-06 2.69E-10 
1 10.4 40 70 27375 C&E-05 1.78.5-W 
1 10.4 40 70 27375 S.!WE-06 2.19s-10 
1 10.4 40 70 27375 7.!i6E-05 2.76E-W 
1 10.4 40 70 27375 3.!?lE-04 1.43E-08 

EF 
DATWR 

EG BY 
YEAR!I KG 

AT 
DAYS 

DOSE INTAKE SF, IN".. CANCER EPA 
NG/KG IlGIKG/D IWKGID ,-l RISK CLASS,, 

1.2E-08 



TRA “ARC, UASTE PO,,0 
INTERIll ACTION 
INDUSTRIAL SCENARIO 

INHALATIDR OF SOIL-CIMTAMINATED AIR 
CARCINOGENIC EFFECTS, CHEMICALS 

EXPOSURE: CO NRSIUK, 50 UK/VR, 110 IRS 

CNEIIICAL. CDNC. IN”. RATE 

IGIn 113/D 
XEXP . EF liD 

DAYS/YR “EAIIS 

AS 1.21E-07 20 1 83.3 
Be S.D&.E-DB 20 1 63.3 
EIS 3.42E-OS 20 1 83.3 
Cd 7.17E-DB 20 1 83.3 
CP-III 7.77E-06 20 1 83.3 
Cyanide 2.26E-08 20 1 83.3 

- Hg 6.19E-DB 20 1 83.3 
Pb 4.0,x-07 20 1 83.3 
Ag 5.04E-08 20 1 83.3 
SUlf ide 6.36E-07 20 1 83.3 
zn 3.29E-06 20 1 83.3 

Total 

‘IO 
‘IO 
‘IO 
‘IO 
‘IO 
‘IO : 
‘IO 
‘IO 
‘IO 
‘ID 
‘IO 

BU 
KG 

70 
70 27375 1 .ZDE-05 4.4OE-10 8.40E+lID 3.7E-w 82 
70 27375 8.14E-06 2.97E-10 1.40E-02 4.2E-12 B2,INH. (ORAL SF) 
70 27375 1.71E-05 6.23E-10 6.1DE+OO 3.8E-09 81 
7D 27375 1.85E-03 6.76E-08 
70 27375 5.3GE-06 1.96E-10 
70 27375 1.47E-05 5.3E,E-10 
70 27375 9.73E-05 3.56E-W 
M 27375 1.2DE-05 4.38E-10 
70 27375 l.SlE-04 5.53,E-W 
70 27375 7.83E-04 2&E-08 

0 

AT DOSE INTAKE SF, INII. CANCER EPA 
DA”S lIG,KG IIGIKGM MWKGID -1 RISK CLASS 

27375 Z.GSE-05 3.16E-10 S.OOE+Ol 1.6E-06 A 

2.3E-08 



TRA UARII VASTE POND 
INTERIn ACTION 
INDUSTRIAL SCENARIO 

INHALATION OF SOIL-C‘SITMINATED AIR 
CARCINOSENIC EFFECTS, CHEIIICALS 

EXPOSURE: 5 NRSIUK, !iO UK/YR, 10 YRS 

CHEIIICAL CONC. III". RATE XEXP. 

Hwl3 R3/D 

A6 
Be 
61s 
Cd 
cr-III 
Cyanide 

- Hg 
Pb 

*.p 
Sulfide 
zn 

Total 2.9E-W 

1.21E-07 
5.0&-08 
3.42E-08 
?.17E-06 
7.77E-06 
2.26E-08 
6.1%-08 
4.09E-07 
S.D4E-M) 
6.36E-07 
3.29E-06 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

1 lB.4 10 70 27375 3.6OE-06 
1 111.4 1Cl 70 27375 l.!iOE-06 
1 110.4 1Cl 70 27375 l.OZE-06 
1 110.4 1Il 70 27375 2.13E-06 
1 110.4 10 70 27375 2.!ilE-04 
1 110.4 10 70 27375 6.72E-07 
1 110.4 10 7D 27375 l.lUE-06 
1 110.4 10 7D 27375 l.i!2E-05 
1 110.4 10 70 27375 l.!iOE-06 
1 110.4 10 70 27375 l.llPE-05 
1 llD.4 10 70 27375 9.78E-05 

EF ED BY AT DOSE 
DAVS.,YR YEARS KG DAYS MGlKG 

INT,AKE SF, INH.. CANCER EPA 
MG/KGM PIG/KG/D -1 RISK CLASS',, 

3.%E-11 S.ODE+Oll Z.OE-W A 
5.49E-11 8.40E+OIl 4.M-10 82 
3.71E-11 1.40E-02 5.2E-13 S2,INH. (ORAL SF) 
7.7&S-11 6.10E+DO 4.7E-10 Bl 
8.43E-09 
2.45E-11 
6.72E-11 
4.44E-10 
5.472-11 
6.9DE-10 
3.57E-w 



TRA UARH WASTE POND 
INTERIM ACTION 
INDUSTRII\L SCENARIO 

INHALATION OF SOIL-CC~NTAlkINATED AIR 
CARCINOGENIC EFFECTS, CHEMICALS 

EXPOWRE: 40 HRSIK, 50 UKIVR, 1 YR 

CHEHIWL CONE. INS. RATE XEXP. 
,I(61113 kl3lD 

AS 1.21E-07 
Be 5.06E-08 
BIS 3.42E-OS 
cd 7.17E-08 
cr-III 7.77E-06 
CVWlide 2.26E-08 

e-4 fig 6.19E-OB 
i, Pb c.o9z-07 
F *g 5&E-DB 

Sulfide 6.36E-07 
2n 3.29E-06 

20 1 113.3 1 70 27375 2.88E-06 3.16li-11 S.DOE+Ol l.flE-w A 
20 1 83.3 1 70 27375 1.2OE-06 4.4Oli-11 &COE+O'O 3.7E-10 82 
20 1 03.3 1 70 27375 8.14E-07 2.97E-11 1.40E-012 4.2E-13 II2,INH. (ORAL SF) 

20 1 83.3 1 70 27375 1.71E-06 6.23lI-11 6.10E+010 3&-10 El 
20 1 83.3 1 70 27375 l.GSE-04 6.761i-W 
20 1 83.3 1 70 27375 5.38E-07 l.%iE-11 

20 1 03.3 1 70 27375 1.47E-06 5.38IE-11 

20 1 03.3 1 70 27375 9.73E-06 3.561!-10 

20 1 133.3 1 70 27375 1.2DE-06 4.38li-11 

20 1 83.3 1 70 27375 l.SlE-05 5.53lE-10 

20 1 83.3 1 70 27375 7.83E-05 2.86lE-W 

EF 
DAYSIVR 

ED IN4 
YEARS KG 

. . 

AT 
DAYS 

DOSE INTAKE SF. INN. CANCER EPA 
HGIKG MG,KG,D IIG,KG,O -1 RISK CLASS 

Total 2.3E-09 



TRA “AR” UASTE POND 
INTERIN KTION 
lND”STRlA,L SCENARlO 

,NhALA,,CIN OF SOIL-MYTAWNAVED AIR 

CARCINOGENIC EFFECTS. CHEMICALS 

EXPOSURE: 5 NIWYK, 50 WVR, 1 VR 

CHEMICAL CONC. IN”. RATE XEXP. 
MG/143 113/D 

A8 
Be 
BIS 
Cd 
W-111 
Cyanide 

- fig 
Pb 

AS 
Sulfide 
2” 

TOM 

l.ZlE-07 
5&E-08 
3.42E-00 
7.17E-OS 
7.77E-06 
2.2bE-08 
6.19E-08 
C.WE-07 
5&E-06 
b.ME-07 
3.29E-06 

20 1 
20 1 
20 1 
20 1 
20 1 
20 1 
20 1 
20 1 
20 1 
20 1 
20 1 

EF 
DAVSlVR 

10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 

ED BY AT DOSE INTAKE SF, INN. CANCER EPA 
VEAR!Z KG DAYS NG,KG MG,K:G,D WG/KG/D ,-l RISK CLASS,, 

‘I 70 27375 3.tiOE-07 3.94E:-12 5.00E*01 Z.OE-10 A 
‘I 70 27375 l.!iOE-07 5.49E-12 8.40E+OO 4.bE-11 B2 
‘I 70 27375 l.OZE-07 3.7lE:-12 1.40E-0;2 5.2E-14 S~2,INN. (ORAL SF) 
‘I 70 27375 2.‘13E-07 7.7Sf-12 6.lOE+M3 4.7f-11 81 
‘I 70 27375 2.31E-05 8.43E:-10 
‘I 70 27375 6.72E-08 2.451:-12 
‘I 70 27375 l.l%4E-07 6.72E:-12 
I 70 27375 1.22E-06 4.44D-11 
‘I 70 27375 l.!iOE-07 5.47E-12 
I 7D 27375 1.89E-06 6.901-11 
I 70 27375 9.‘TaE-06 3.57E-10 

2.9E-10 



TRA "ARN WASTE POND 
INTERIM ACTIDN 
INDUSTRIAL SCENARIO 

INHALATION OF SOIL-CDWAMINATED A:IR 
CARCINDGliNIC EFFECTS, RADIDNUCLIDliS 

EPA REGION 10. UPPER-BOUND CASE 

AIR IIYN.RATE 
CONC. ICI/D 

NWLIDE H-LIFE IV) (pCi/nW 
m-51 7.585E-02 2.22E-03 79.0000 

Co-60 5.27lE+OO l.D6E-01 79.0000 

w-90 2.860E+Ol 1.32E-02 79.0000 
Ag- 10&n 1.27DE+D2 1.47EE-03 79.0000 

cs-134 2.062E*OO l.O3E-03 79.0000 
Cs-137 3.017E+Ol 2&E-01 79.0000 
Eu-152 1.333E+Ol 2.45E-03 79.0000 
Eu-154 8.800E+OO l.l3E-03 79.0000 
Eu-155 4.960E+OO 2.22E-04 79.0000 
lh-228 1.913E+OO 6.25E-04 79.0000 
Th-230 7.538E+D4 3.27E-04 79.0000 
Th-232 1.45DE+lD 2.9&-05 79.0000 
U-232 6.8WE+Ol 5.30E-04 79.0000 
U-234 2.450H05 1.35E-04 79.Lwoo 
U-238 4.468E+O9 3.69E-05 79.0000 
Pu-238 8.774E+Ol 2.35E-04 79.0000 
Pu-239 2.412E+04 4.40E-04 79.0000 
Am-241 4.322E+02 1.88E-04 79.0000 
Cm-244 l.BlDE+Ol 1.55E-04 79.0000 

XEXP. EF EO BY AT IkIH. SF MJ. UR CANCER 
D/VU YEARS KG DAYS Ipci)-1 <pci/d)-1 RISk: 

3.DE-13 1.4E-07 3.1E-10 
l..6E-10 7.4E-05 7.8E-Oli 
5..M-11 2.M-05 3.4E-07 

0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70, 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27373 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 
0.4 365 40 70 27375 

2..8E-11 
l..9E-11 
l..2E-08 
l..4E-10 

1.3E-05 
8.8E-06 
5.5E-03 
6.5E-05 

1.3E-011 
2.3E-06 
1.4E-05 
7.3E-MI 

7..7E-DB 
3..lE-08 
3.lE-08 

3.6X-02 
1.4E-02 

1.4E-02 

2.2E-O!i 
4.7E-06 
4.3E-07 

2.7E-08 
2.4E-08 
4.2E-08 
4.1E-08 
4.OE-08 
2.7E-08 

l.ZE-02 
l.lE-02 
1.9E-02 
1.9E-02 
1.8E-02 
1.2E-02 

1.7E-06 
4.1E-07 

4.6E-06 
8.3E-LM 
3.5E-06 
1.9E-06 

Total 7.2E-O!i 



TRA "ARM lJASTE POND 
INTER,,, AiCTION 
INDUSTRIAIL SCENARIO 

INNALA,,O,H OF SOIL-COLITANINATED AIR 
CARCINDGE1HIC EFFECTS, RADIONUCLIDES 

EPA REGIO,H 10, AVERAGE CASE 

WUCLIDE 
m-51 
CO-64 
w-90 

A$-108", 
b-134 
m-137 
Eu-152 
Eu-154 
Eu-155 
lh-228 
Th-230 
Th-232 
U-232 
U-234 
U-238 
Pu-238 
Pu-239 
Am-241 
Cm-244 

AIR INH.RATE 
CONC. II3/D 

H-LIFE IV) ~:pCi/m3) 
7.585E-02 2.22E-03 43.0000 
5.271E+OO l.O6E-01 43.0000 
Z.WE+Ol 1.32E-02 43.0000 
1.270E+O2 1.47E-03 43.0000 
2.062E+00 l.O3E-03 43.0000 
3.017E+Ol 2.64E-01 43.0000 
1.333E+Ol 2.45E-03 43.0000 
8.800E+OO l.l3E-03 43.0000 
4.960E+OO 2.22E-04 43.0000 
1.913E+OO 6.25E-04 43.0000 
7.538E+O4 3.27E-04 43.0000 
1.450E+lO 2.98E-05 43.0000 
6.89OE+Ol 5.30E-04 43.0000 
2.450E+05 1.35E-04 43.0000 
4.468E+O9 3.69E-05 43.0000 
8.774E+Ol 2.35E-04 43.0000 
2.412E+O4 4.40E-04 43.0000 
4.322Ei02 1.88E-IX 43.0000 
1.81OEtOl 1.55E-04 43.0000 

nEXP. 

0.25 365 10 70 
0.25 365 10 70 
0.25 365 10 70 
0.25 365 10 70 
0.25 365 10 7D 
0.25 3,65 10 70 
0.25 365 10 70 
0.25 3,65 10 70 
0.25 3'65 10 70 
0.25 3'65 10 70 
0.25 3'65 10 70 
0.25 3,65 10 70 
0.25 3,65 10 70 
0.25 3,65 10 70 
0.25 3,65 10 70 
0.25 365 10 70 
0.25 3i65 10 70 
0.25 3;65 10 70 
0.25 3ib5 10 70 

EF 
D,VR 

ED su 
YEARS KG 

AT INII. SF ABJ. "R 
DAIS (p.X)-1 Ipci/m3)-1 

27375 3.OE-13 l.ZE-08 
27375 1.6E-10 6.3E-06 
27375 5&z-11 2.2E-06 
27375 
27375 Z.ISE-11 l.lE-06 
27375 1.x-11 7.5E-07 
27375 l.:ZE-08 4.7E-04 
27375 1.4E-10 5.5E-06 
27375 
27375 7X-08 3.OE-03 
27375 3.lE-08 1.2E-03 
27375 3.1E-08 l.ZE-03 
27375 
27375 2.'7E-08 l.lE-03 
27375 2.,&E-08 9.4E-04 
2TJ75 4.;2E-08 l.bE-03 
27375 4.lE-08 1.66-03 
27375 4.lDE-08 1.6E-03 
27375 2.'7E-08 l.lE-03 

CANCER 
RISK 

2.6E-11 
6.7E-07 
2.9E-08 

l.lE-09 
Z.OE-07 
1.2E-06 
6.2E-09 

1.96-06 
4.OE-07 
3.M-08 

1.4E-07 
3.5E-08 
3.9E-07 

7.1E-07 
3.OE-07 
1 .bE-07 

Total 6.1E-06 



TRA UAR.RE( UASTE PONO 
INTERIM ACTION 
INDUSTRIAL SCENARIO 

INHALATION OF SOIL-UI(ITMIlNATED AIR 
CARCINOGENIC EFFECTS,, RADIONUCLIDES 

ADJUSTED UPPER-BOUND CASE, 20 H3/D 

23uSlm3 INH.RATE 
AIR )113/D 

NUCLIDE N-LIFE IV) (pCilra3) 
w-51 7.585E-02 2.22E-03 20.0000 

CO-MI 5.27lE+OO l.DbE-01 2o.LlOoo 
w-90 2.8bOE+Ol 1.32E-02 20.0000 

Ag-108m 1.270E+02 1.47E-03 20.0000 
m-134, 2.062E+OO l.O3E-03 20.0000 
cs-131 3.017E+o1 2.b4E-01 2o.DLwo 
Eta-152 1.333E+Ol 2.45E-03 20.0000 

Ei 
Eu-154. 8.800EtDO l.l3E-03 20.0000 

VI Eu-155; 4.9M)E+OO 2.22E-04 20.0000 
lh-22fl 1.913E*OO 6.25E-04 20.0000 
Th-230 7.53BftO4 3.27E-04 20.0000 
Th-23i! 1.450E+lO 2.98f-05 20.0000 
u-232 6.89OE+Ol 5.3M-04 20.0000 
U-234 2.450E+05 1.35E-04 20.0000 
U-238 4.4MIE+W 3.69E-05 20.0000 
Pu-2311 8.774E+Ol 2.35E-LX 20.0000 
Pu-230 2.412E+04 4.40E-04 20.0000 
Am-2411 4.322E+02 1.8&-04 20.0000 
Cm-241, 1.810E+01 1.55E-04 20.0000 

KEXP. EF El3 BU 
WVR VEAW KG 

0.4 365 40 70 

0.4 365 40 70 

0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 3b5 40 70 
0.4 3b5 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 
0.4 365 40 70 

0.4 365 40 70 

0.4 365 40 70 

A, IIYH. SF ADJ. LIR 
DAIS (pCi)-1 (pCilnJ)-1 

27375 3.OE-13 3.51-08 
27375 1.6E-10 l.%-05 
27375 5.bE-11 6.5ti-06 
27375 
27375 2.8E-11 3.3ti-06 
27375 l.PE-11 Z.Zti-06 
27375 1.2E-08 1.4fi-03 
27375 1.4E-10 l&i-05 
27375 
27375 7.7E-08 9.ori-03 
27375 3.1E-08 3.61i-D3 
27375 3.1E-08 3.bIi-03 
27375 
27375 2.7E-08 3.21i-03 
27375 2.4E-LX8 2.81i-03 
27375 4.2E-08 4.9li-03 
27375 4.1E-08 4.8X-03 
27375 4.OE-08 4.7E-03 
25550 2!.7E-08 3.2li-03 

CANCEIR 
RISK 

7.8E-11 
Z.DE-06 
8.M-OS 

3.4E-09 
5.9E-07 
3.4E-06 
1.8E-08 

5.&-06 
l.ZE-06 
l.lE-07 

4.3E-07 
l.OE-07 
1.2E-06 
2.1E-06 
8.8E-0'7 
4.9E-017 

1.8E-015 Total 



TRA YARN WASTE PDND 
INlERIH ACTIOR 
INDUSTRIAL SCENARIO 

INNALA,I~U( OF SOIL-CDN,A"INA,ED AilR 
CARCINOGENIC EFFECTS, RM)ION"CLIDliS 

ADJUSTED AVERAGE CASE, 20 ,I3/0 

NUCLIDE 
m-51 
Co-60 
SP90 

Ag-10&n 
cs-134 
m-137 
Eu-152 
ELI-154 
Eu-155 
Th-228 
Th-230 
Th-232 
U-232 
U-234 
U-238 

Pu-238 
Pu-239 
Am-241 
Cm-244 

23ugm I,IN.RA,E 
AIR KllD 

N-LIFE Cl') Cpcilrrc1) 
7.585E-02 2.22E-03 20.0000 
5.271E+OO l.LuE-01 20.0000 
2.8bOE+Ol 1.32E-02 20.0000 
1.270E+02 1.47E-03 20.0000 
2.062E+OO l.O3E-03 20.0000 
3.017E+Ol 2.&E-01 20.0000 
1.333E+Ol 2.45E-03 20.0000 
8.8OOE+OO l.l3E-03 20.0000 
4.%08+00 2.22E-04 20.0000 
1.913E+OO 6.25E-04 20.0000 
7.538E+O4 3.27E-04 20.0000 
1.450E+lO 2.98E-05 20.0000 
6.89OEtOl 5.30E-01 20.0000 
2.450E+05 1.35E-D4 20.0000 

4.468E+D9 3.69E-05 20.0000 
8.774EtDl 2.35E-04 20.0000 
2.412Ei04 4.40E-04 2O.ODOD 
4.322E+02 1.88E-04 20.0000 
1.8lDE+Ol 1.55E-04 20.0000 

XEXP. EF ED' B" 
WVR YEARS; KG 

0.25 :365 101 70 
0.25 :3b5 101 70 
0.25 :x.5 101 70 
0.25 :365 101 70 
0.25 :165 101 70 
0.25 :sb5 1Cl 70 
0.25 :3b5 1Cl 70 
0.25 :365 1Cl 70 
0.25 :Jb5 ICI 70 
0.25 :365 10 70 
0.25 :565 10 70 
0.25 :3b5 10 70 

0.25 :365 10 70 

0.25 :365 10 70 
0.25 1365 10 70 
0.25 :365 10 70 
0.25 :365 10 70 
0.25 :365 10 70 
0.25 1365 10 70 

AT IYIN. SF ADJ. "I? CANCER 
DAVS CpCi)-1 CpCi/d3)-1 RISS: 

27375 
27375 
27375 
27375 
27375 
27373 
27373 
27375 
27375 
27375 
27375 

27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 

3.OE-13 5.5E,-09 l.ZE-11 
l.bE-10 2.9E,-06 3.1E-01 
5.bE-11 l.OE,-06 1.3E-0el 

2.8E-11 5.1E-07 5.3E-10 
l.PE-11 3.5E-07 9.2E-Ml 
l.ZE-08 2.2E-04 5.4E-Oi 
1.4E-10 2.M-06 2.%-09 

7.78-08 1.4E-03 8.8E-07 
3.1E-08 5.7E-04 1.9E-01 

3.1E-08 5.7E-04 1.7E-Of1 

2.7E-08 4.9E-04 6.7E-Ofl 
2.4E-08 4.4E-04 l.bE-Ofl 
4.2E-08 7.7E-04 1.8E-0; 
4.1E-08 7.5E-04 3.3E-07 
4.OE-08 7.3E-04 1.4E-07 
2.7E-08 4.9E-04 7.6E-00 

rota1 2.8E-Dfi 



TRA “ARE4 “ASTE POUO 
INTERIN ACTION 
lNO”STRlAL SCENARIO 

INHALATION OF SOIL-CONTA"IUATE0 AIR 
CARCINOGENIC EFFECTS, RADIOWUCLIC'ES 

EXPOSURE: 40 HRSIUK, 50 YVYR. 401 IRS 

YEXP. 

NUCLIOE 
m-51 
co-80 
sr-90 

Ag-18&n 
cs-134 
Q-137 
Eu-152 
Eu-154 
Eu-155 
Th-22E 
Th-230 
Th-232 
u-232 
U-234 
U-238 
Pu-238, 
Pu-239 
Am-241 
Cm-244 

23ugh3 INH.RAlE 
AIR M13/0 

S-LIFE IYI (pCilm3) 
7.585E-02 2.22E-03 20.0000 

5.27lE+OO l.O6E-01 20.0000 

2.86OE+Ol 1.32E-02 20.0000 

1.270E+02 1.47E-03 20.0000 
2.862E+OO l.O3E-03 20.0000 

J.O17E*Ol 2.64E-01 20.0000 
1.333E+Ol 2.45E-03 20.0000 
8.800E+o8 l.l3E-03 20.0000 
4.9M)E+O8 2.22E-84 20.0000 
1.913E+OIl 6.25~-04 20.0000 
7.538E+O4 3.27E-84 20.0000 
1.450E+lO 2.98E-05 20.0000 
6.890E+Ol 5.30E-84 20.0000 
2.450E+05 1.35E-84 20.0000 
4.468E+O9 3.69E-05 20.0000 
8.774E+Ol 2.35E-01 20.0000 
2.412E+O4 4.40E-04 20.0000 

4.322E+02 1.88E-04 20.0000 

1.8lOE+Ol 1.55E-04 20.0000 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

EF EID BY 

OIYR YEARS XG 

83.3 40 70 

83.3 40 70 
m.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 70 
tn.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 70 
83.3 40 73 
m.3 40 70 

83.3 40 M 

83.3 40 m 

AT IINH. SF MJ. UR 
DAYS (pCi>-1 (pCi/ni3)-1 

27375 3.OE-13 2.0fi-08 
27375 l.M-10 l.lfi-05 
27375 5.&E-11 3.x-06 
27375 
27375 Z.&-l1 l .pfi-06 
27375 1.98-11 1.3146 
27375 l.ZE-O8 8.Ofi-04 
27375 1.4E-10 9.3Ii-86 
27375 
27375 7.7E-M) 5.11-03 
27375 3.lE-08 2.lEi-03 
27375 3.1E-08 2.11-03 
27375 
27375 2.7E-88 1.8Ei-03 
27375 2.4E-II8 1.61-03 
27375 4.2E-88 2.8Ii-03 

27375 4.1E-08 2.7Ei-03 
27373 4.OE-08 2.7fi-03 
27375 2.7E-08 1.81-03 

CANCEIR 
RISIK 

4.4E-11 
l.lE-M 
4.x-08 

l.PE-DD 
3.3E-87 
Z.OE-&b 
l.lE-a9 

3.2E-136 
6.8E-87 
6.2~-0;8 

2.4E-87 
5.9E-C!GB 
6.6~~87 
l.ZE-86 
5.OE-07 
2.8E-07 

l.OE-0!5 



TRA "ARN WSTE PUN0 
INTERIM ACTIW 
INDUSTRIAL SCENARIO 

INHALATIIW OF SOIL-WNTAMINA,TEO AIR 
CARCINOGENIC EFFECTS, RAOIGRLlCLIOBS 

EXPOSURE:: 5 HRSIUX, 50 WYR, 40 YRS 

NUCLIOE 
cr-51 
Co-60 
sr-90 

Ag-108", 
cs-134 
a-137 
Eu-152 
Eu-154 
Eu-155 
Th-228 
Th-230 
Th-232 
U-232 
u-234 
U-238 
Pu-238 

Pu-239 
Am-241 
Cm-244 

23u~ldS IlIIH.RATE 
AIR KVO 

H-LIFE <Y) @Ci/nii) 
7.585E-02 2.22E-03 20.0000 
5.27lE+OO l.O6E-01 20.0000 
2.860E+Ol 1.32E-02 20.0000 
1.270E+02 1.47E-03 20.0000 
2.062E+OO l.O3E-03 20.0000 
3.017E+Ol 2.&E-01 20.0000 
1.333E+Ol 2.45E-03 20.0000 
8.800E+oo l.l3E-03 20.0000 
4.960E+OO 2.22E-04 20.0000 
1.913EiOO 6.25E-04 20.0000 
7.538E+O4 3.27E-04 20.0000 
1.450E+lO 2.98E-05 20.0000 
6.890E+Ol 5.30E-04 20.0000 
2.450E+05 1.35E-04 20.0000 
4.468E+W 3.69E-05 20.0000 

8.774E+Ol 2.35E-04 20.0000 
2.412E+O4 4.40E-04 20.0000 
4.322E+02 l.BBE-04 20.0000 
l.SlOE+Ol 1.55E-04 20.0000 

1 1,o.c 40 
1 1,0.4 4G 
1 10.4 40 
1 10.4 CG 
1 10.4 4G 
1 10.4 4G 
1 10.4 4G 
1 10.4 40 
1 10.4 40 
1 10.4 40 
1 10.4 40 
1 10.4 40 
1 10.4 40 
1 10.4 40 
1 10.4 40 

1 10.4 40 
1 10.4 40 
1 10.4 40 
1 10.4 40 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 

AT IIUI. SF ADJ. UR 
DAYS @Cii)-1 (pCI/d)-1 

27375 3..OE-13 2.5E-09 
27373 l..M-10 l.K-06 
27375 5..M-11 4.7E-07 
27375 
27375 2..8G-11 2.3E-07 
27375 1..9E-11 1.6E-07 
27375 1..ZE-08 l.OE-04 
27375 l..4E-10 l.ZE-06 
27375 
27375 7..7E-08 6.4~~04 
27373 3..lE-OS 2.M-04 
27375 3..lE-OS 2.M-04 
27375 
27375 2..7E-08 2.2E-04 

27375 2..4E-G8 2.OE-04 
27375 4..2E-08 3.5E-04 
27375 4.,lE-08 3.4E-04 
27375 4..OE-08 3.3E-04 
27375 2..7E-08 2.2E-04 

CANCER 
RISK ,. ~~~ 

5.5E-Ii! 
1.4E-07 
6.2~-Ma 

2.4E-10 
4.2E-OS 
2.4E-07 
1.3E-09 

L.OE-07 
8.4E-LUI 
7.7E-09 

3.OE-OS 
7.4E-09 
8.2E-OS 
l.SE-07 
6.3~-01I 
3.5E-MI 

Total 1.3E-M 

XEXP. EF ED 8U 

WYR "EARS KG 



TRA UARMi VASTE POND 
INTER,,, ACTlOU 
INDUSTRIAL SCENARlO 

INHALATIGN OF SOIL-C~GKTAMNATED A,R 
CARCINOGEYIC EFFECTS, RADIONUCLIDES 

EXPOSURE: 40 HRS/UK, 50 WYR, III YRS 

23ugM ,NH.RATE 
AIR 1,3/o 

NUCLIOE H-LIFE (I> IpCilJI 
m-51 7.585E-02 2.22E-03 20.0000 
Co-60 ~5.27lE+OG l.D6E-01 20.0000 
w-90 2.86OE+Gl 1.32E-02 20.0000 

Ag-lD8m l.ZmE+Oi! 1.47E-03 20.0000 
cs-134 2.D62E+OO l.O3E-03 20.0000 
m-137 3.017E+o1 2&E-01 20.0000 
Eu-ISi! 1.333E+Ol 2.45E-03 20.0000 
Eu-154 8.8oOE+oo l.l3E-03 20.0000 
Eu-155 4.9M)E+OO 2.22E-G-4 20.0000 
Th-22EI l.P13E+OO 6.25~~04 20.0000 
Th-230 7.538R+O4 3.27E-D4 20.0000 
Th-Di! 1.450E+lO 2.98E-05 20.0000 
u-232 6.69OE+Gl 5.30E-04 20.0000 
U-234 2.450E+O5 1.35E-04 20.0000 
U-238 4.468E+O9 3.69E-05 20.0000 
Pu-230 8.774E+Oj 2.35E-04 20.0000 
Pu-231) 2.412E+W 4.40E-04 20.0000 
Am-241 4.322E+02 l.BBE-04 20.0000 
Cm-244 1.810E+01 1.55E-04 20.0000 

rota1 

XEXP. EF ED RN 
IVIR YEARS KG 

1 G3.3 10 70 
1 133.3 IO m 
1 113.3 10 70 
1 133.3 10 M 
1 133.3 10 70 
1 133.3 10 70 
1 133.3 10 70 
1 133.3 10 70 
1 153.3 10 70 
1 183.3 10 70 
1 183.3 10 m 
1 183.3 10 70 
1 183.3 10 7-a 
1 183.3 10 70 
1 133.3 10 70 
1 183.3 10 70 
1 183.3 10 70 
1 r83.3 10 M 
1 183.3 10 70 

AT INH. SF ADJ. UR 
DAYS IpCi)-1 IpCi/rd)-1 

27375 3,.OE-13 5.01i-09 
27375 1.6E-10 2.711% 
27375 5.M-11 9.31:-07 
27375 
27375 2:.8E-11 4.7Ii-07 
27375 I.%-11 3.2li-07 
27375 l.ZE-08 2.01i-04 
27375 1.4E-10 2.3li-06 
27373 
27373 7.7E-08 1.3lI-03 
27375 3;.lE-08 5.21:~04 
27375 3;.lE-08 5.21;~04 
27375 
27375 2!.7R-Da 4.51:~04 
27375 2!.4E-08 C.Oli-04 
27375 4.2E-OS T.GE-04 
27375 4.lE-08 6.81:~04 
27375 4.OE-08 6.7li-04 
27375 2.7E-08 4.5lI-04 

CANCER 
RISK 

l.lE-11 
2.8E-07 
1.2E-08 

4.8E-10 
8.4E-018 
4.9E-(117 
2.6E-(119 

8.OE-017 
1.7E-(iI7 
1.5E-(118 

6.lE-(118 
1.5E-(118 
IbE-017 
3.oE-(117 
1.3E-017 
7.OE-018 

2.6E-Ci6 



TRA "ARM UASTE POND 

INTERIM ACTIGN 
INDUSTRIAL SCENARIO 

INHALATION OF SOIL-COIITAIIINATED AIR 
CARCIYOGENIC EFFECTS, RABIONUCLIDES 

EXWSURE: 5 HRS,NX, !iO I,K,YR, 10 YRS 

;23ugm INH.RATE 
AIR MID 

NUCLIDE H-LIFE IV) I[pCi/dI 
Ix-51 7.585E-02 2.22E-03 20.0000 

Co-60 5.27lE+W 1 .OM-01 20.0000 

SW% 2.860E+Ol 1.32E-02 20.0000 

Ag-lG8m 1.270E+02 '1.47G-03 20.0000 

cs-134 2.0626+00 l.O3E-03 20.0000 

a-137 3.017E+o1 2&E-01 20.0000 

Eu-152 1.333E+Ol 2.45E-03 20.0000 

Eu-154 8.8OOE+oo l.l3E-03 20.0000 

0 Eu-155 4.960E+OO 2.22E-04 20.0000 

lh-228 1.913E+GO 6.25E-04 20.0000 

Th-230 7.538EiD4 3.27E-04 20.0000 

Ih-232 1.450E+lO 2.98E-05 20.0000 
U-232 6.89OE101 5.30E-04 20.0000 
U-234 2.450E+05 1.35E-04 20.0000 
U-238 4.468E+D9 3.69E-05 20.0000 
Pu-238 8.774E+Ol 2.35E-04 20.0000 
Pu-239 2.412E+Ll4 4.40E-04 20.0000 
Am-241 4.322E+02 l&E-D4 20.0000 
Cm-244 1.8lOE+Ol 1.55E-04 20.0000 

IXEXP. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

EF 
DI'YR 

III.4 
(Il.4 
III.4 
lG.4 
III.4 
10.4 
III.4 
10.4 
III.4 
10.4 
10.4 
10.4 
III.4 
10.4 

III.4 
III.4 
III.4 
111.4 
111.4 

ED 8U AT INH. SF ADJ. UG CANCER 
"EARS KG DAYS Ipcib1 IpCi/di)-1 RISK 

10 78 
10 70 
10 M 
10 M 

10 ro 
10 70 

10 m 
10 m 

10 70 
10 M 

10 70 
10 70 
10 70 
10 70 
10 70 
IO m 
10 70 
10 M 
IO 70 

27375 
27375 

27375 
27375 
27375 
27375 

27375 
27375 
27375 
27375 

27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 

3.OE-13 
l.M-IO 
5.M-11 

b.ZE.,lO 
3.3E-07 
1.2E..O7 

1.4E-12 
3.5E-M1 
1.5E-09 

2.8E-11 
l.PE-11 
l.ZE-08 
1.4E-10 

5.8~d8 
4.OE-08 
2.5E-05 
2.9E-07 

6.OE-11 
l.OE-08 
b.lE-08 
3.3E-10 

7.7E-08 
3.1E-08 

3.1E-08 

l.M"O4 
6.4E..05 

6.4E,.05 

l.GE-07 
Z.lE-08, 
1.9E-0-3 

2.7E-08 
2.4E-08 
4.2E-08 
4.lE-08 
4.OE-08 
2.7E-08 

5.6E.05 
5.OE,.05 
8.7E.05 
8.%05 
8.3E,-05 
5.6E,.05 

7&E-09 
1.8E-09 

2.lE-08, 
3.8~~08 
1.6E-08 
8.7E-D9 

3.26-07 Total 



TRA YARN UASTE PUN0 
INTERIll ACTIDN 
INDUSTRIAL SCENARIO 

INHALATIDN OF SOIL-CIYTAMINATED AIR 
CARCINDGENIC EFFECTS,, RAGIOHUCLIDES 

EXPOSURE: 40 HRSIUK,, 50 UKIVR, 1 VR 

23wlm3 INH.RATE 
AIR FUlD 

H-LIFE IV> IpCilm3) 
m-51 7.585E-02 2.22E-03 2O.GGGO 
CO-M) 5.271E+OO l.OM-01 20.0000 
St-90 2.8M)E+Ol 1.32E-02 20.0000 

Ag-IO&l 1.270E+02 1.47E-03 20.0000 
cs-134, 2.062E+OO l.O3E-03 20.0000 
cs-131 3.017E+Ol 2&E-01 20.0000 
Eu-15i! !.333E+Gl 2.45E-03 20.0000 
Eu-154, 8.800E+oo l.l3E-03 20.0000 
Eu- 155 4.96OE+OO 2.22E-04 20.0000 
Th-22El 1.913E+OG 6.25E-04 20.0000 
Th-2330 7.538E+O4 3.27E-04 20.0000 
Th-232 1.450E+lO 2.98E-05 20.0000 
U-232 6.8WE+Ol 5.30E-04 20.0000 
U-234 2.450E+05 1:35E-04 20.0000 
u-23G 4.46%+09 3.69E-05 20.0000 
Pu-230 8.774E+Gl 2.35E-04 20.0000 
PU-239 2.412E+O4 4.4OE-04 20.0000 
Am-24'1 4.322E+02 l.eaE-04 20.0000 
Cm- 244 1 .BlOE+Ol 1.55E-04 20.0000 

XEXP. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

EF EID BY AT INH. SF ADJ. LIR CANCER 
EllVR YEARS KG DAYS +Ci)-1 (pCi/nJ)-1 RISK 

G3.3 1 70 27375 
G3.3 1 78 27375 
03.3 1 70 27375 
G3.3 1 m 27375 
1X5.3 1 70 27375 
G3.3 1 m 27375 
03.3 1 70 27375 
03.3 I 70 27375 
l13.3 ,I m 27375 
G3.3 1 70 27375 
83.3 1 70 27375 
83.3 1 70 2x%75 
83.3 1 70 27375 
133.3 1 70 27375 
l&3.3 1 70 27375 
183.3 1 70 27375 
83.3 1 70 27375 
193.3 1 70 27375 

153.3 1 70 27375 

3.GE-13 
1.6E-10 
5.6E-11 

2.8E-11 
l.PE-11 
l.ZE-08 
1.4E-10 

7.7E-08 
3.lE-08 
3,.lE-G8 

2:.7E-08 
2:.4E-08 
4,.2E-08 
4. IE-08 
4..OE-08 
i!.7E-08 

5.01:-10 
2.7G-07 
9.31i-08 

4.7li-08 
3.21i-08 
2.01i-05 
2.31:-07 

1.31I-04 
5.211-m 
5.211-05 

4.51E-05 
4.01E-05 
7.01E-05 
6&E-05 
6.71E-05 
4.5IE-05 

l.lE-12 
2.8E-08 
l.ZE-09 

4x-11 
8.4E-09 
4.9E-08 
Z.&-IO 

B.OE-OG 
1.7E-08 
1.5E-019 

6.lE-09 
1.5E-0iP 
1*6E-Cl8 
3.OE-c!a 
1.3E-Cl8 
7.OE-(19 

Total 2.6~~(17 



TRA UARN UASTE POND 
I”TERIN KTlOY 
I”O”SYRIAL SCENARlO 

INNALAYICIN OF SOIL-CONTAMPIINAYED AliR 
CARCINOGENIC EFFECTS, RAOIONUCLIDIIS 

EXPOSURE : 5 NRSIIK, 50 WWR, 1 lfR 

NUCLlDE 
w-51 
Co-60 
w-90 

Ag-108m 
Es-134 
cs-137 
Eu-152 

I 
Eu-154 
Eu-155 
Yh-228 
Th-230 
Th-232 
U-232 
U-234 
U-238 
Pu-238 
Pu-239 
Am-241 

Cm-244 

23ug/m3 INH.RA7E 
AIR 113/D 

N-LIFE (I> (pci/m3) 
7.585E-02 2.22E-03 20.0000 
5.271E+OO l.ObE-01 20.0000 
2.8bOE+Ol 1.32E-02 20.0000 
1.270E+02 1.47E-03 20.0000 
Z.ObZE+OO l.O3E-03 20.0000 
3.017E+o1 2&E-01 20.0000 
1.333E*Dl 2.45E-03 20.0000 
8.8OOE+OO l.l3E-03 20.0000 
4.9bOHOO 2.22E-04 20.0000 
1.913E*OO 6.25E-04 20.0000 
7.538E+D4 3.27E-04 20.0000 
1.450E+lo 2.98E-05 20.0000 

6.890E+Ol 5.30E-04 20.0000 
2.450E+05 1.35E-04 20.0000 
4.4b8EWW 3.69E-05 20.0000 
8.774E+Ol 2.35E-04 20.0000 
2.412HO4 4.4OE-04 20.0000 
4.322E+02 I.%-04 20.0000 
1.8lOE+Ol 1.55E-04 20.0000 

XEXP. EF 
OJYR 

1 10.4 
1 10.4 
1 10.4 
1 10.4 
1 III.4 
1 10.4 
1 10.4 
1 10.4 
1 10.4 
1 10.4 
1 111.4 
1 III.4 

1 10.4 
1 10.4 
1 IO.4 
1 10.4 
1 10.4 
1 III.4 
1 IO.4 

EO 
YEARS 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

8” AT IN!N. SF ADJ. "It CANCER: 
KG DAYS (pCi)-1 (pCi/nil)-1 RISK: 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 

27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 

27375 
27375 
27375 
27375 
27375 
27375 
27375 
27375 

3.OE-13 
l.bE-10 
5.bE-11 

2&E-11 5.8E09 
1.9E-11 4.OE,.09 
l.ZE-08 2.5.5-M 
l.4E-10 2.96.08 

7.7E-08 
3.1E-08 

3.lE-08 

2.7E-08 
2.4E-08 
C.ZE-08 
C.lE-08 
4.OE-08 
2.7E-08 

l.ba.05 
6.4E,-06 
b.CE,-06 

5.bE,.Ob 
5.OE,G 
8.7E.06 
8.5E,-06 
8.3E,-06 
S.bE,Gb 

1.4E-13; 
3.5E-09 
1.5E-ICI 

b.OE-IZ! 
l .OE-‘W  
b.lE-OF' 
3.3E-11 

l.OE-08; 
Z.lE-09 
i.9E-101 

7.6ew 
1.eial 
2.lE-09' 
3.8~~09 
l.bE-09 

8.7E-101 

3.2E-OS Total 



TRA UARW UASTE POND 
IINTER," ACTION 
l:ND"STRIAL SCENARIO, 5 WRIi,l,HR 

EXTERNAL EXPDSURE, GRWND SURFACE 
CARCINOGENIC EFFECTS, RAO:ION"CLIDES 

ItPA REGION IO. UPPER-SOUND CASE 

SOIL SOIL DENSIIV %EXP EF ED EXT. SF ADDJ. "R CANCER DCF SOIL CONC. IIREWYRI MREWINR RATIO IN MREWYR! p&i/G CANCER 
CONC. DEPTI GIN3 D,YR YEARS W-i/G)-1 RISK uCi./M2 5 ,WEII,NR ESTINATED RISK 

NUCLIDE IpCilGI w 
0.00 

2.95 2.58E+O4 6.32EtO2 Z.llE-01 
0.00 
0.00 
0.02 1.75Ei.02 6.15EtOCI 1.58E-03 
1.98 1.73E+O4 1.58E+O3 1.43E-01 
0.03 2.93E1.02 1.47E+Ol Z.bt.E-03 
0.02 1.47Ea.02 6.75E+OO 1.32E-03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

m-51 
Co-60 
SPW 

Ag-108a 
cs-134 
cs-137 

H Eu-152 
c& Eu-154 
ti Eu-155 

Th-228 
Th-230 
Th-232 
U-232 
u-234 
U-238 
Pu-238 
Pu-239 
Am-241 
Cm-244 

llOC3l 

9.65E+Ol O.'I l&+06 0.4 365 40 
4.blE+03 O.'I I.&+06 0.4 365 40 
5.73E+02 O.'I 1.8E+Ob 0.4 365 40 
6.37E+Ol O.'I 1.8Eab 0.4 365 40 
4.48ElOl O.'I 1.8E+Ob 0.4 365 40 
l.l5E+D4 O.'I 1.8E+o4 0.4 365 40 
1.07E+o2 O.'l 1.8E+o6 0.4 365 40 
4.92E+Ol O.'l 1.8-5+04 0.4 365 40 
9.67E+OO O.'l 1.8E+ob 0.4 365 40 
2.72E+Ol O.'l 1 AE+ob 0.4 365 40 
1.42E+Ol O.'l 1.8E+Db 0.4 365 40 
1.3OE+OO O.'l 1.8E+Db 0.4 365 40 
2.30E+Ol O.'l l.BE+cd 0.4 365 40 
5.8bE+OO O.'I 1.8E1Ob 0.4 3b5 40 
l.blE+OO O.'l 1.8E+ob 0.4 365 40 
l.OZE+Ol O.'I 1.8E+ob 0.4 365 40 
1.9lE+Dl O.'I 1.8E+ck. 0.4 365 40 
8.19E+OO O.'l 1.8E+w 0.4 365 40 
b.?5E+OO O.'l 1.8E*LM 0.4 3&5 40 

l.PE-12 
1.3E-ID 
o.oE+c10 

8.9E-11 
3.4E-11 
6.3E-11 
6.8E-11 

l.bE-13 4.bE-07 1.3E-05 2.77E-01 4.90E+OO 1.3bG+OO 0.00 
5.9E-14 1.7E-07 2.4E-06 9.WE-02 2.5bEtOO 2.32E-01 0.00 
4.bE-14 1.3E-07 1.7E-07 b.t&-02 2.34E-01 1.5bE-Oi! 0.00 

5.7E-14 I&-07 9.6E-07 8.07E-02 1.05E.tOO 8.5lE-02! 0.00 
4.bE-14 1.3E-07 2.lE-07 6.46E-02 Z.POE-01 1.87E-Oi! 0.00 
b.lE-14 1.8x-07 I&-Db 8.58E-02 l&E+00 1.58E-01 0.00 
2.bE-14 7.5E-08 1.4E-Db 3.78E-02 3.44E*OO 1.30E-01 0.00 
l.bE-12 4.&E-06 3.8E-05 2.59E+OO 1.47WOO 4.4lE+OCl 0.00 
5.8E-14 1.7E-07 l.lE-06 8.2:9E-02 1.22E.+OO 1 .OlE-01 0.00 

5.5E-06 
3.7E-04 
D.OE+DO 

2.6E-04 
9x-05 
1.8-E-04 
2&E-04 

5.3E-04 3.4lE+OO 1.74E.101 
8.2E-01 2.27E+O2 8.30E.102 
O.OE+OO O.OOE+OO 1.03Fr02 

5.92E+Ol 0.01 
1.88E+o5i 21.50 
O.OOE+OO 0.00 

l.lE-02 1.5'8S+O2 8.06WOO 1.27wo3i 0.15 
b&-D1 b.llE+Ol 2.07WO3 1.2bE+o5i 14.44 
l.PE-02 l.llE*02 1.93E.rOl 2.14E+O3 0.24 
P&-D3 l.IIlE+OZ 8.S.%+OO 1.07E+o3 0.12 

36.45 3.3E-01 



TRA "ARM "ASTti POND 
INTERIM ACTION 
,NO"STRIAL SCENARIO, 5 NREWNR ._ 

EYTERNAL EXPOSURE, GROUND SURFACE 
CARCINMiENlC EFFECTS. RADIONUCLIDES 

EPA REGlON IO, AVERAGE CASE 

SOIL SOIL DENS,," XliXP. EF ED EXT. SF ADJ. UR CANCER DCF SOIL CONC. IIREWR "REWHR RAT,:0 IN RREW'R rjci,G CANCER 
WNC. DEPTH G/H3 DIVR YEARS @i/G)-1 RISK utirt42 5 HRtiN,NR 

,~~ 
ESTIMATED R,SK 

NUCLIDE (pcii/G) 04, 
m-51 9..65E+Ol 0.1 
CO-64 4..blE+03 0.1 
SP90 5..73E+02 0.1 

Ag-108", 6..37E+ol 0.1 
cs-134 4..48E+o1 0.1 
m-137 l..15E+O4 0.1 

c( Eu-152 l..D7E*O2 0.1 
d. Eu-154 4..92E*Dl 0.1 
% Eu-155 9,.67E+OO 0.1 

Th-228 2..72E+Ol 0.1 
Th-230 l..42E+Ol 0.1 
Th-232 1..3oE*00 0.1 
U-232 2..30EtOl 0.1 
U-234 5..86E+OO 0.1 
U-238 l..blE+OO 0.1 
Pu-238 l..OZE+Ol 0.1 
Pu-239 l..9lE+Ol 0.1 
Am-241 8..19E+OO 0.1 

Cm-244 b..75E+OO 0.1 

8.3E-05 3.4lE+OO 1.74Ei.01 5.92E+Dl 0.01 
Z.CE-01 2.27E+02 8.30El.02 1.8%+05 21.50 
D.OE+OO O.OlDE+OO 1.03E1.02 O.OOE+OO 0.00 

1.8E+06 10.25 365 10 1.9E-I:2 8.bE-07 
1.8E+O6 IO.25 565 10 1.3E-II0 5.8E-05 
1 X+06 10.25 365 10 O.OE+OlD O.OE+OO 
lAE+O6 10.25 365 ID 
1.8E+06 0.25 3b5 ID 8.9E-11 4.OE-05 
I.&+06 II.25 3b5 10 3.4E-11 1.5E-05 
l&+06 0.25 365 10 6.3E-11 2.8E-05 
l&+06 IO.25 365 ID 6.8X-11 3.lE-05 
1.8E+Ob 10.25 365 ID 
IS+06 0.25 365 ID I.&-l:3 7.2E-08 
l.BE+Ob 10.25 M5 10 5.9E-120 2.7E-08 
1.8E+o6 11.25 365 10 4.M-184 2.lE-08 
1.8E+O6 0.25 365 10 
1.8E+M 0.25 365 10 5.7E-1'4 2.bE-08 
l.BE+Ob 0.25 365 10 4.M-I,‘ 2.1E-08 
1.8E+O-5 0.25 365 10 b.lE-1’4 2.7E-08 
1.8=E+Ob 10.25 365 10 2.6E-1'4 l.ZE-08 
1.8E+Ob 10.25 365 10 1.6E-12 7.2E-07 
1.8E+Ob 0.25 365 10 S.BE-1'4 2.bE-08 

1.8E-03 1.5;SE+02 8.ObE+DD 1.27E+O3 0.15 

I&-01 6.llE+Ol 2.07Gi.03 1.2b.E+05 14.44 
3.M-03 l.llE+OZI 1.93E1.01 2.14E+03 0.24 
1.5E-03 1.2lE+02 8.8MCOD l.O7E+O3 0.12 

2.OE-04 2.77E-01 4.90E1.00 1.36E+OO 0.00 

3.8E-07 9.07E-02 2.56El.00 2.32E-01 0.00 

2.7E-08 b.bbE-02 2.34E-01 1.5bE-02 0.00 

1.5E-07 8.07E-02 1.05E1.00 8.5lE-02 0.00 
3.3E-08 6.4#6E-02 Z.POE.,Ol 1.87E-02 0.00 
2.8E-07 8.5mBE-02 1.84Ei.00 1.58E-01 0.00 
2.2E-07 3.7~8E-02 3.44Ei.00 1.3OE-01 0.00 
5.9E-06 2.9PE+DO 1.47E+OO 4.4lE+OO 0.00 
1.8E-07 8.29E-02 1.22Ei.00 l.OlE-01 0.00 

0.00 
2.95 2.58E+04 6.32Et02 3.b3E-02 
0.00 
0.00 
0.02 1.75E+02 6.15EtOO 2.&-D4 
1.98 1.73E+D4 1.58E+03 2.38R-02 
0.03 2.93E+02 1.47E+Ol 4.1&-04 
0.02 l.C7E+O2 6.75EiOO 2.07E-04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Total 36.45 6.lE-02 



'IRA UARI, "ASIE POND 
:,NTERIII ACTlCUl 
INDUSTRIAL SCENARIO, 5 ,lRlEId,HR 

IEXTERNAL EXPOSURE, GROUND SURFACE 
ICARCINOGENIC EFFECTS, RADMIUCLIDES 

ISXPOSURE: 40 NRSIUK, 50 IYK,YR, 40 YRS 

NUCLIDE CpCilG) CNI 
m-51 O.b5E+Ol 0.1 
co-60 4,.blE+03 0.1 
w-90 5.73Et02 0.1 

Ag-108m 6.37E101 0.1 
B-134 4.48Eto1 0.1 
Ix-137 1.15EtD4 0.1 

7 Eu-152 l.07ErD2 0.1 
z Eu-154 4,.92E+Ol 0.1 
"I Eu-155 Sl.67EtOO 0.1 

Th-228 i!.RE+Ol 0.1 
Th-230 ,1.42EtOl 0.1 
Th-232 1.30EtOO 0.1 
U-232 i!.3PE+Ol 0.1 
U-234 3.8bE+00 0.1 
U-238 11.blEtOO 0.1 
Pu-238 ii.OZE+Ol 0.1 
Pu-239 li.PlE+Ol 0.1 
Am-241 0.19E+00 0.1 
Cm-244 6.75EtOO 0.1 

SOIL SOI,L DENSITY Y2XP. EF ED EXT. SF ADJ. UR CANCER DCF SDIL CDNC. WENVII MREIVNR RATIO IN RREWIYII &i/G CANCER 
CONC. DEPTH G/M3 D,YR "EARS Cpci/G>-1 RISK d/R2 5 MREM,NR ESTIlUiEO RISK 

l.BE+Ob 0.23 365 
1.8E+o6 o.Li 365 
1.8E+ob 0.23 365 
l.BE+Ob 0.23 365 
1.8EtD6 0.23 3b5 
1.8E+Ob 0.23 365 
1.8E+Ob 0.23 365 
1.8E+W 0.23 365 
1.8E+Ob 0.23 365 
1.8E+O6 0.23 365 
1.8EtO6 0.23 3b5 
1.8EtOb 0.23 365 
l&+06 0.23 365 
I&!+06 0.23 365 
l.BE+Ob 0.23 365 
1.8E+w 0.23 365 
1.8EtLM 0.23 365 
1.8wx 0.23 365 
1.8EtO6 0.23 365 

40 1.92-12 3.lE-06 
40 1.3E-110 2.2E-04 
40 O.OE+IIO O.OE+OO 
40 
40 8.9E-!I1 1.5E-04 
40 3.4E-'II 5.6E-05 
40 6.3E-'II l.OE-04 
40 b&-'II l.lE-04 
40 
40 I&-'13 2.bE-07 
40 5.9E-'14 9&-08 
40 4.M-'14 7.bE-08 
40 
40 5.7E-'14 9.4E-08 
40 4.6E-'14 7.&-08 
40 b.lE-'14 l.OE-07 
40 2.bE-'I4 4.3E-08 
40 l.bE-'I2 2.6E-06 
40 5.8E-'I4 9.M-08 

3.DE-04 3.4lEtDO 1.74EtOl 5.92EtDl 0.01 
6.3E-01 Z.i!7E+O2 8.3OEtO2 1.88Z+D!i 21.50 
O.OE+OO D.OOE+OO 1.03Et02 O.OOE+DII 0.00 

6.bE-03 l.!iBE+OZ 8.04E+OO 1.27EtO3 0.15 
4.8E-01 6.'llE+Ol 2.07EtO3 1.2&+O!i 14.44 
l.lE-D2 l.'llE+OZ 1.93EtOl 2.14EtD3 0.24 
5.5E-03 1.2lEtO2 8.8bEtOO 1.07EtO3 0.12 

7.2E-06 2.77E-01 4.9OEtW 1.3bEtOII 0.00 
1.4E-06 9.07E-02 2.5bEtOO 2.32E-0'1 0.00 
9.9E-08 b&E-02 2.34E-01 1.56E-Oi! 0.00 

5.5E-07 8.07E-02 1.05EtOO 8.5lE-O;! 0.00 
l.ZE-07 b.ri&-02 2.90E-01 1.87E-Oi! 0.00 
l.OE-06 8.!i8E-02 I.&E+00 1.58E-0'1 0.00 
8.2E-07 3.ilBE-02 3.44EtOO 1.30E-0'1 0.00 

2.2E-05 Z.WE+OO 1.47EtOO 4.4lEtOO 0.00 
6.5E-07 8.29E-02 1.22EtDO l.OlE-0'1 0.00 

0.00 
2.95 2.58E+O4 6.32E+O2 1.27E-01 
0.00 
0.00 

,0.02 1.75E+02 b.l5E+OO 9.0bE-04 
1.98 1.73&04 1.58E+03 8.50E-02 
0.03 2.93Hf02 1.47EtOi 1.53E-03 
0.02 1.47E+O2 6.75EtOO T.M)E-D4 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

36.45 2.2E-01 



TRA UARIl UASTE POND 
INTERIn ACTION 
*Ncl”STRIAL SCENARIO, 5 nREll,HR 

EKTERNAL EXPOSURE, GRWND !WRFACE 
CARCINOGENIC EFFECTS, RMIWJCLIDES 

EXPOSURE: 5 N~RS,VK, 50 lK/YR, 40 YRS 

SiOIL SQIL DENSITY p:XP. EF, ED EXT. SF ADJ. UR CANCER DCF SOIL CONC. IIREWYR HREWIR RATIO IN "REWYR @i/C CANCER 
CioNC. DEPTH G/U3 D/YR YEARS (pCi/G)-1 RISK uCifM2 5 klRE",NR ESTIldATED RISK 

WCLIDE (pCi/G) WI 
1.9E-li! 4.1E-07 4.OE-05 3.4'IE*OO 1.74E+Ol 5.92E+Ol 0.01 
1.3E-10 2.8E-05 l.K-01 2.2%+02 8.30E+02 1.88E+05 21.50 
o.oE+oo O.OE+OO O.OE+OO O.OlIE+OO l.O3E+02 O.OOE+OO 0.00 

cl-51 9.65E+Ol 0.1 1.8E+O6 0.03 365 40 
CO-60 4.61E+03 0.1 1.8E+O6 0.03 365 40 
w-90 5.73E+02 0.1 1.8E+c!4 0.03 365 40 

Ag-lo8m 6.37E+Ol 0.1 1.8E+o6 Il.03 365 40 
m-134 4.48E+Ol 0.1 1.8s+o6 II.03 365 40 
m-137 l.l5E+O4 0.1 1.8E+o6 0.03 365 40 

c1 Eu-152 1.07E+o2 0.1 1.8E+o6 II.03 365 40 
& Eu-154 4.92E+Ol Oil 1.8E+O6 II.03 365 40 
% Eu-155 9.oE+oo 0.1 1.~%+06 0.03 365 40 

Th-228 2.72E+Ol 0.1 1.8E+06 0.03 365 40 
Th-230 1.42E+Ol 0.1 l&+06 Il.03 365 40 
Th-232 1.30E+OO 0.1 1.8Et06 II.03 365 40 
U-232 2.30E+Ol 0.1 1.8E+06 0.03 365 40 
U-234 5.86E+OLl 0.1 1.8E+06 II.03 365 40 
U-238 1.61E*oo 0.1 1.8E+06 II.03 365 40 
Pu-238 l.OZE*Ol 0.1 l.BE+L% 0.03 365 40 
Pu-239 l.PlE+Ol 0.1 1.8E+O6 0.03 365 40 
Am-241 8.19E+OO 0.1 1.8E+O6 0.03 365 40 
Cm-244 6.75E100 0.1 1.8E+O6 0.03 365 40 

8.9E-11 l.%-05 8.6E-04 1.5lWO2 B.OM+OO 1.27E+O3 0.15 
3.4E-11 7.3E-06 8.1E-02 6.1lE+Ol 2.07E+O3 1.2&+05 14.44 
6.3E-11 1.4E-05 1.5E-03 l.llE+OZ 1.93E+Ol 2.14E+03 0.24 
6.8E-1'1 1.5E-05 7.2E-04 l.ZTE+OZ 8.86E*W l.O7E+O3 0.12 

1.6E-13 
5.9E-14 
C.(K-14 

3.5E-08 
1.3E-08 
9.%-09 

9.4E-07 2.772-01 4.902100 1.36E+OO 
1.8E-07 P.O;IE-02 2.56E+OO 2.32E-01 
1.3E-08 6.&K-02 2.34E-01 1.56E-02 

0.00 
0.00 
0.00 

5.7E-14 
4.M-14 
6.1E-14 
2.6E-14 
1x-12 
5.8E-14 

l.ZE-08 
9.9E-09 
1.3E-08 
5.M-09 
3.5E-07 
1.3E-08 

7.2E-08 8.07E-02 1.05Et00 8.51E-02 
1.6E-08 6.46E-02 Z.POE-01 1.87E-02 
1.3E-07 8.513E-02 l.&GE+OO 1.58E-01 
l.lE-07 3.7SE-02 3.44ElOO 1.30E-01 
2.8E-06 2.9!?E*OO 1.47E+OO 4.4lE+OO 
8.5E-08 8.2!?E-02 1.22E+OO l.OlE-01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
2.95 2.58E+O4 6.32E+02 1.76E-02 
0.00 
0.00 
0.02 1.75E+O2 6.15EtOO l.l8E-04 
1.98 1.73E+O4 1.58E+03 l.l5E-02 
0.03 2.93E+132 1.47E+Oi 2.OOE-04 
0.02 1.47E+O2 6.75E+OO 9.91E-05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

T~DffIl 36.45 3.OE-02 



TRI UARH NASTE POND 
INTER,,4 ACThN 
INDUSTRIAL SCENARIO, 5 WFIWINR -T. 

EXTERNAL EKWSURE, GROUND SURFACE 
CARCINOGENIC EFFECTS, RADIONUCLIDES 

EXPOSURE: 40 NRS,UK, 50 UY,YR, 10 YRS 

SOIL SOIlL DENSITY XEXP. EF ED EXT. SF ADJ. UR CANCER DCF SDIL ICDNC. IlREM/IR HREHINR RATIO IN XRERllR &i/C CAMER 
CONC. DEPVN WI3 D,"R YEARS (pci/t)-1 RISK d/M2 5 IIPEIIINR ESTlMAlED RlSK 

NUCLIDE (pcilt) 04) 
m-51 '9.65E+Ol O..l 
CO-60 ,4.6lE+03 O..l 
w-90 5.73E+OZ O..l 

Ag-lOJAn ,6.37E+ol O..l 
co-134 ,4.48E+Ol O..l 
m-137 l.l5E+04 O..l 

CI Eu-152 1.07E+o2 O..l 
&I Eu-154 4.92E+Ol O..l 
%i Eu-155 9.67E+OO O..l 

Th-228 2.72E+Ol 0-1 
Th-230 1.42E+Ol O..l 
Th-232 1.30E+DO 0-1 
U-232 2.30E+Ol 0-1 
U-234 5.8&+00 0-1 
U-238 1.6lE+DO O..l 
Pu-238 l.OZE+Ol 0,. 1 
Pu-239 l.PlE+Ol 0,. 1 
Am-241 8.19EiOO 0,. 1 
cm-244 6.75ElOO 0-1 

1.8E+o6 0.23 365 
1.8E+o6 0.23 365 
l&+06 0.23 365 
l&+06 0.23 365 
l&+06 0.23 365 
l.BE+Ob 0.23 365 
1.8E+O6 0.23 365 
l.BE+Ob 0.23 365 
1.8E+O6 0.23 365 
l&+06 0.23 365 
l&+06 0.23 365 
1.8E+O6 0.23 365 
1.8E106 0.23 365 
1.8E+06 0.23 365 
1.8E106 0.23 365 
1.8E+O6 0.23 365 
1x+06 0.23 365 
1.8E+O6 0.23 365 
1 SE+06 0.23 365 

10 l.PE-12 7.9E-07 
10 1.3E-10 5.4E-05 
10 O.OE+,OO O.OE+OO 
10 
10 8.9E-11 3.7E-05 
10 3.4E-11 1.4E-05 
10 6.3E-11 2.&-05 
10 6.8E-11 2.8E-05 
10 
10 l.M-13 6.6E-08 
10 5.!%-14 2.4E-08 
10 4.M-14 1.9E-08 
10 
10 5.7E-14 2.4E-08 
10 4.M-14 1.9E-08 
10 6.lE-14 2.5E-08 
10 2.6E-14 l.lE-08 
10 1.6E-12 6.6E-07 

10 5.8E-14 2.4E-08 

7.6E-05 3.4lE+OO 1.741:+01 5.92E+O11 0.01 
?.2E-01 2.27E+D2 8.301:+02 1.88E+O15 21.50 
O.OE+OO O.OOE+OO l.O3E+O2 O.OOE+OIO 0.00 

1.6E-03 1.58E+O2 8.06lkOO 1.27E+913 0.15 
1.5E-01 &llE+Ol 2.0712+03 1.26E+O15 14.44 
2.8E-03 l.llE+OZ 1.931!+01 2.14EiO13 0.24 
1.4E-03 1.2lE+Ot 8.8&*00 1.072+013 0.12 

1.8E-06 2.77E-01 4.9011+00 1.36E+010 0.00 
3.5E-07 9.07E-02 2.561!+00 2.32E-Oil 0.00 
2.5E-08 6&E-02 2.3&-01 1.56E-02 0.00 

l.CE-07 8.07E-02 1.051:+00 8.5lE-012 0.00 
3.lE-08 6.46E-02 2.9011-01 1.87E-012 0.00 
2.6E-07 8.58E-02 1.8UE+OO 1.58E-011 0.00 
2.lE-07 3.78E-02 3.44lf+OO 1.30E-011 0.00 
5.4E-06 Z.WE+OO 1.47E+OO 4.4lE+OIO 0.00 

1.6E-07 8.29E-02 1.22lE*OO l.OlE-011 0.00 

36.45 

0.00 
2.95 2.5@+04 6.32E+02 3.35E-02 
0.00 
0.00 
0.02 1.75E+02 6.15E+OO 2.26.E~04 
1.98 1.73E+O4 1.58E+03 Z.ZOE-02 
0.03 2.9x+02 1.47E+Ol 3.83E-04 
0.02 !.47E+O2 6.75EtOO 1.9OE-04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

5.M-02 



TNA WARM WASTE POND 
l,lTERIH ACTION 
INDUSTRIAL SCENARIO, 5 "REWNR ,* 

EXTERNAL EXPOSURE, GRWNO !SURFACE 

CARCINOGENIC EFFECTS, RADIGNUCLIDES 

EXPOSURE: 5 NRSIYK, 50 WWR, 10 YRS 

SOIL SOIL DENS,," XEXP. EF EO EXT. SF AM. UR CANCER DCF SOIL CONC. UREWYR IIREWHR RATIO IN IIREWYR pcilG CANCER 
CONC. DEPTH G/)13 

,~~ 
LVYR WARS @WC)-1 RISK tCi/HZ 5 XREWNR ESTIMATED RlSK 

IIUCLIDE (pCi/G) cn, 
1.%-l:! l.OE-07 9.9t-06 3.411E+OO 1.74E+Ol 5.92E+Ol 0.01 
1.3E-Ml 7.OE-06 3.2E-02 Z.Zi'E+OZ 8.3OE+O2 1.88E+05 21.50 
O.DE+OO O.OE+OD O.OE:OO O.OGE+OO l.O3E+02 O.OOE+OO 0.00 

m-51 9.65E+Ol 0.1 1.8-E+06 Cr.03 365 10 
Co-60 4.6lE+03 0.1 l&+06 Cl.03 365 10 
e-90 5.73E+02 0.1 1.8E+w Cl.03 365 10 

Ag-lOam 6.37E+Ol 0.1 1.8E+w Cl.03 365 10 
m-134 c.c8E+o1 0.1 1.8E+w Cl.03 365 10 
cs-137 l.l5E+D4 0.1 1.8E+D6 Cl.03 365 10 

7 Eu-152 l.O7E+O2 0.1 1.8E+D6 Cl.03 365 10 
z Eu-154 4.92E+Ol 0.1 1.8E+D6 Cl.03 365 10 
Q) Eu-155 9.67E+OO 0.1 1.&+06 0.03 365 10 

Th-228 2.72E+Ol 0.1 l.&+D6 0.03 365 10 
Th-230 1.42E+Ol 0.1 l&+06 0.03 365 10 
Th-232 1.30E+OO 0.1 1.8E+O6 0.03 365 10 
U-232 2.30EtOl 0.1 1.8E+06 0.03 365 10 
u-234 5.86E+oo 0.1 1.8E+06 0.03 365 10 
U-238 1.6lE+oo 0.1 1.8E+O6 0.03 365 10 
Pu-238 l.OZE+Ol 0.1 1.8E+od (I.03 365 10 
Pu-239 l.PlE+Ol 0.1 1.aE+D6 0.03 365 10 
Am-241 8.19E+OO 0.1 1.8E+D6 0.03 365 10 
Cm-244 6.75E+oo 0.1 1.8E+D6 0.03 365 10 

8.9E-11 4&-06 2.2E-04 1.58E+O2 8.D6E+OO 1.27E+O3 0.15 
3.4E-11 l&-D6 Z.lE-02 b.l'lE+Ol 2.07E+O3 1.2&+05 14.44 
6.3E-11 3.4E-06 3.6E-04 l.'l'lE+02 1.93E+Ol 2.14E+03 0.24 
6.8E-111 3.7E-06 1.8E-04 l.Z'IE+OZ O&E+00 l.D7E+O3 0.12 

l.M-13 8.6E-09 2.4E-07 2.7ilE-01 4.9OE+OO 1.36E+OO 0.00 
5.x-14 3.2E-09 4.5E-08 9.07E-02 2.56E+OO 2.32E-01 0.00 
4.M-14 2.5E-09 J.ZE-09 6.6&E-02 2.34E-01 1.56E-02 0.00 

5.7E-14 3.lE-09 l.BE-D8 8.07E-02 l.O5E+OO 8.5lE-02 0.W 
4.M-14 2.5E-09 4.OE-09 6.4&E-02 2.90E-01 1.87E-02 0.00 
&lE-14 3.3E-09 3.4E-08 8.5GE-02 l&Et00 1.58E-01 0.00 
2.M-14 1.4E-09 2.7E-D8 3.7GE-02 3.44EtOO 1.30E-01 0.00 
1x-12 8.6E-08 7.lE-07 2.9!%+00 1.47E+OD 4.4lE+OO 0.00 
5.8E-14 3.lE-09 2.lE-08 8.29E-02 1.22E*OO l.OlE-01 0.00 

0.03 
2.93 2.58E+G4 6.32E+O2 4&E-03 
0.00 
0.00 

0.02 1.75E+G2 6.15E+OO 2.95E-05 
1.98 1.73EW4 1.58E+03 2.9DE-03 
0.03 2.93E+G2 1.47E+Ol 4.99E-05 
0.02 1.47E+G2 6.75E+OO 2&E-05 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

TOta 36.45 7.4E-03 



1lRA "ARM UASTE PO,,0 
,lNTER,M AC,,ON 
IlNDUSTRlAL SCENARIO, 5 IIRWNR 

I!YTERNIL EXPOSURE, GROUND SURFACE 
CARCINOGENIC EFFECTS, RADIONWLIDES 

EXPOSURE: 40 NRS,UK, 50 IXIYR, 1 YR 

sO,L SOIIL DENS,," XEXP. EF ED EXT. SF AD.,. UR CANCER DCF SOIL ODNC. RREWYI HREWNR RATIO IN MREWYI PcilG CANCER 
CONC. GEPllH G/M3 D/YR WARS WCilG)-1 RISK uCi,/HZ 5 RRIEWHR ES,,NATED RISK 

NUCLlDE (pCi/G) (10 
m-51 9.65E+Ol O.'I 
Co-60 4.6lE+03 O.'I 
w-90 5.75E+02 0.1 

Ag-108"I 6,.37E+Dl 03 
m-134 4.48E+Dl D.', 
B-137 l.l5E+D4 O.'l 

c( Eu-152 1.07E+o2 O.'l 
& Eu-154 4.92E+Ol O.'l 
% Eu-155 9'.67E+OO O.'l 

Th-228 2:.72E+Ol 0.1 
Th-230 1.42E+Ol O.'l 
Th-232 1.30E+OO 0.1 
U-232 2:.30E+Ol 0.1 
U-234 5,.86E+OO 0.1 
U-238 1.6lE100 0.1 
PW238 l.O2E+Ol 0.1 
Pu-239 1.9lE+Ol 0.1 
Am-241 Bi.l9E*DO 0.1 
Cm-244 6#.75E+oo 0.1 

l.BE+ob 0.23 365 
1.8E*O6 0.23 365 
1.&+06 0.23 365 
l.aYO6 0.23 365 

1.8E+o6 0.23 365 
l&+06 0.23 365 
1.aE+D6 0.23 365 
l&+06 0.23 365 
l&+06 0.23 365 
l&+06 0.23 365 
l&+06 0.23 365 
1.8E+O6 0.23 365 
1.8E+06 0.23 365 
1.8E+O6 0.23 365 
1.8E+06 0.23 365 
l&+06 0.23 365 
l&+06 0.23 365 
1.8EM6 0.23 365 

1.8E+06 0.23 365 

1.9E-12 7.9E-08 7.6~-06 3.4lE+OO 
1.3E-(10 5.4E-06 2.5E-02 Z.i!7E+O2 
O.oE+W O.OE+OO O.OE+OO 0.0lOE+OO 

8.9E-ii1 3.7E-06 1.7E-04 l.:i8E+02 8.OhE~OO 
3.4E-11 1.4E-06 l&-D2 b.(lE+Ol 2.07E,+03 
6.3E-11 2X-06 2.8E-04 l.ilE+OZ 1.93E,+Ol 
6.8E-11 2.8E-06 1.4E-04 l.i!lE+OZ 8.86EtOO 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 

5.92E+Ol 0.01 
1.wE+o5i 21.50 
o.ooE+oo 0.00 

1.27E+o3 0.15 
1.26E+OSi 14.44 
2.14E+D!I 0.24 
1.07E+o3 0.12 

l.M-113 6X-09 l&-07 2:77E-01 C.WE+OO 
5.M-14 2.4E-09 3.5E-08 9.WE-02 2.56E,+OO 
4.M-114 1.92-09 2.5E-09 6&E-02 2.34E-01 

1.36E+oo 0.w 
2.32E-01 0.00 
1.56E-Oi! 0.00 

5.7E-114 2.4E-09 1.4E-08 8.07E-02 l.O5E+OO 8.5lE-Oi! 0.00 
4.M-14 1.9E-09 3.lE-09 6.46E-02 2.WE-01 l.wE-Oi! 0.00 
6.lE-14 2.5E-09 2.6E-08 8.IBE-02 l&E+00 1.58E-01 0.00 
2.6E-14 l.lE-09 Z.lE-08 3.78E-02 3.44EtOO 1.30E-01 0.00 
l&-12 6.6E-08 5.4E-07 Z.WE+OO 1.47Etoo 4.4lE+OG 0.00 
5.8E-114 2.4E-09 1.6E-08 8.29E-02 1.22EtOO l.OlE-01 0.00 

0.00 
2.95 2.58Ei.04 6.32Et02 3.4OE-03 
0.00 
0.00 
0.02 1.75Ed.02 6.15EtOO 2.26E-05 
1.98 1.73El.04 1.58Et03 2.22E-03 
0.03 2.93Ed.02 1.47E+Ol, 3.83E-05 
0.02 1.47E+O2 6.75E+OO l.WE-05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

'rota, 36.45 5.7E-03 



TNA UAR" UASTE POND 
IITERI" ACTIM( 
IllDUSTRIAL SCENARIO, 5 IIREII/HR 

EXTERNAL EXPOSiURE, GROUND !SURFACE 
CARCINOGENIC EFFECTS, RADMNUCLIDES 

EKPOSURE: 5 H,RS,YK, 50 UY/VR, 1 VR 

SOIL SOIL DENSITY XEXP. EF ED EXT. SF ADJ. UR CANCER DCF SOIL MM. FlREWlYR HRER/NR RATIO IN IIREHIVR @i/C CANCER 
C:ONC. DEPTH G/l43 DlVR YEARS Ipci/G)-1 RISK uCi/HZ 5 I‘REMlHR '~~~ ESTIMATED RISK 

lsUCLIDE (@i/G) WI 
m-51 9.65E+Ol 0.1 
C0-60 4.6lE*O3 0.1 
w-90 5.73E+02 0.1 

,Ag-lO& 6.37E+Ol 0.1 
cs-134 4.48E+Ol 0.1 
m-137 l.l5E+04 0.1 

- Eu-152 1.07E+o2 0.1 
d. Eta-154 4.92E+Ol 0.1 
$ Eu-155 9.67E+OO 0.1 

Th-228 2.72E+Ol 0.1 
Th-230 l..42E+Ol 0.1 
Th-232 l..30E+OO 0.1 
U-232 2..30E+Ol 0.1 
U-234 5..86E+oo 0.1 
u-238 l..6lE+W 0.1 
Pu-238 l..OZE+Ol 0.1 
Pu-239 l..PlE+Ol 0.1 
Am-241 8..19E+OO 0.1 
Cm-244 6..75E+oo 0.1 

1.8E106 0.03 365 
1.8E+O6 II.03 365 
1.8E+D6 Il.03 365 
1.8E+O6 0.03 365 
1.8E+O6 0.03 365 
1.8E+D6 Ii.03 365 
l&t+06 II.03 365 
1.8E106 0.03 365 
1.8E+06 0.03 365 
1x+06 0.03 365 
1.8E+06 0.03 3-55 
1.8E+o6 II.03 365 
1.8E+O6 II.03 365 
1.8Ea5 0.03 365 

1.8E106 0.03 365 
1.8E+O6 Il.03 365 
1.8E+06 (1.03 365 
1.8E+06 11.03 365 
1.8E+O6 G.03 365 

1 1.92-12 l.OE-08 
1 1.3E-10 7.OE-07 
1 O.OE+OO O.OE+OO 
1 O.OE+OO 
1 8.9E-11 4&-07 
1 3.4E-11 l&E-07 
1 6.3E-11 3.4E-07 
1 6.8.f-VI 3.7E-07 
1 O.OE+W 
1 1X-M 8.6E-10 
1 5.9E-l*C 3.2E-10 
1 4.M-1~4 2.5E-10 
1 O.OE*DO 
1 5.7E-1~4 3.lE-10 

1 4.6E-I,4 2.5E-10 

1 6.lE-184 3.3E-10 
1 2.6E-1'4 1.4E-10 
1 l.M-12 8.6E-09 
1 5.8E-1'4 3.lE-10 

9.9E-07 3&IE+OO 1.74EtOl 5.92E+Ol 0.01 
3.2E-03 2.27E+O2 8.30E+02 1.88E+O5 21.50 
O.OE+W O.OOE+OO l.O3E+02 O.OOE+OO 0.00 

2.2E-05 1.58E+O2 B.O6E+~OO 1.27E+O3 0.15 
2.lE-03 6.11E+Ol 2.07E1.03 1.26E+G5 14.44 
3.M-05 l.l'lE+OZ 1.93EI.01 2.14E+03 0.24 
1.8E-05 l.ZlE+02 8.86Z+.W l.O7E+O3 0.12 

2.4E-08 2.77E-01 4.90Ei.00 1.3&+00 0.00 
4.5E-09 P.WE-02 2.56Ei.00 2.32E-01 0.00 
3.2E-10 6.&5E-02 2.34E.01 1.5&-02 0.00 

,.8E-09 8.07E-02 l.O5E+OO 8.5lE-02 0.00 
4.OE-10 6&E-02 2.9DE-01 1.872-02 0.00 
3.4E-09 8.5;BE-02 l&E+00 1.58E-01 0.00 
2.7E-09 3.?tlE-02 3.44El.00 1.30E-01 0.W 
T.lE-08 2.99E+OO 1.47E+W 4.4lE+OO 0.00 
2.lE-09 8.2pE-02 l.ZZE+OO l.OlE-01 0.00 

0.00 
2.95 2.58E*104 6.32EtG2 4.44E-04 
0.00 
0.00 
0.02 1.75E+lQ2 6.15E+OO 2.95E-06 
1.98 l.T)E+lffi 1.58E+O3 Z.POE-04 
0.03 2.93E+lQ2 1.47E+Oi 4.WE-06 
0.02 1.47E+'Q2 6.75E+OO 2.48E-06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

TOtal 36.45 7.4E-04 



APPENDIX I-C 

RISK ASSESSMENT EVALUATION OF INGESTION OF SOIL 

FOR A FUTURE RESIDENTIAL SCENARIO AT THE 

TRA WARM WASTE POND (OU-Z-10) 



I-CL? 



A risk assessment evaluation was conducted to determine the potential 
risks associated with the ingestion of contaminated soils at the TRA Warm 
Waste Pond. The potential scenario consisted of a residential receptor which 
is assumed to reside at the operable unit after 100 years (e.g. after 
institutional control). 

The concentrations of contaminants used in this evaluation were based on 
previously obtained sampling data which were shown in Table I-l of this 
report. The concentrations of radionuclides were corrected for radioactive 
decay to establish contaminant concentrations after 100 years. 

The exposure assessment followed the revised EPA guidelines for default 
exposure parametersl. The toxicity values used in the evaluation of 
noncarcinogenic and carcinogenic effects were obtained from the HEAST' except 
for lead. The ingestion reference dose for lead was derived from the EPA 
drinking water maximum contaminant level. The risk assessment procedures used 

in therevaluation. of ingestion of soil followed EPA guidelines'. 

The concentrations of the evaluated contaminants (after 100 years) and 
the parameters of the risk assessment are shown in Tables C-l and C-Z. All 
the hazard quotients for the evaluated chemicals were less than one, which 
indicate that no adverse health effects (noncarcinogenic effects) are ~expected 
from the ingestion of soil for the residential receptor. The resulting 
noncarcinogenic hazard index (combined chemicals) was 4.60E-01, which is also 
below the level of concern for noncarcinogenic effects. The carcinogenic 
risks for the chemicals and radionuclides were below l.OE-04. The combined 
cancer risk was '2.92E-05 for chemicals and 3.96E-05 for the radionuclides. 
This means that the cancer risk for ingestion of soil is within the accepted 
National Contingency Plan (NCP) target risk range of 10-4 to 10-6. Individual 
and combined risk results are shown in Tables C-l and C-Z. 



TABLE C-l. CDNCENTRATlDNS OF CHEMICALS AND PARAMETERS USED IH THE RISK ASSESSMENT OF 
!NGESTION DF SOlL (RESIDENTIAL SCENARIO) FOR THE TRA UARll VASTE POND. 

____________.___________________________--------------------------~.~-~-~---~-------- 

mKARCINOCEYIC EFFECT$ 

tNG. RATE EF. ED su AT INTAKE 
G/D DAYS,YR YEARS KG DAYS G,KG,D 

cn I LD EXPOSURE 0.2 350 b 15 2190 1.2aE-02 
ADULT EXPOSURE 0.1 350 24 70 8760 1.37E-03 

TOTAL EXPOSURE (CHILD AND ADULT) 1.42E-02 

TDTAL TOTAL 

CHEMICAL SOIL COW. INTAKE IMTAKE ING. RfD HI 
"C,G G/KG/D "G/KG/D MG,KG,D 

AS 
BE 
SIS” 
CD 
CR-III 
CYAlllOE 

“G 
PS 

Al3 
2” 

5.25E-03 1.42E-02 7.4bE-05 l.OOE-03 7&E-02 
2.20E-03 1.42E-02 3.12E-05 S.OOE-03 6.25E-03 
1.49E-03 1.42E-02 2.12E-05 Z.DOE-02 l.ObE-03 
3.12E-03 1.42E-02 4.43E-05 l.OOE-03 4.43E-02 
3.3aE-01 1.42E-02 4.aOE-03 l.OOE+DO 4.80E-03 
9.a3E-04 ,.42E-02 l.lOE-05 Z.OOE-02 b.98E-04 
2.69E-03. 1.42E-02 3.82E-05 3.00E-04 1.27E-01 
1.78E-02 l.CZE-02 2.53E-04 l.LOE-03 l.alE-01 
2.19E-03 1.42E-02 3.llE-05 3.00E-03 l.O4E-02 
1.43E-01 1.42E-02 2.03E-03 Z.OOE-01 l.OZE-02 

TOTAL ", ----------------------------------------> 4.M)S-0, 

________________________________________----~-------~~------~-~----~--------~-------- 

WPC1”0GEIl1C EFFECTS 

ING. RATE EF ED BY INTAKE 

G/D DAYS,YR YEARS KG G,KG 

CHILD EXPOSURE 0.2 350 6 15 2.aoE+ol 
ADULT EXPOSURE 0.1 350 24 70 1.2OE+Ol 

TOTAL EXPOSURE (CHILD A"0 ADULT) 4.0OE+Ol 

CAI)PIYc!GFY1P PFFFPTL _. _ _ __. . _ _ _ _ _ 

TOTAL TOTAL 
CHEMICAL MIL COW. INTAKE AT IWTAKE IWG. SF CANCER 

"G,G G/KG DAYS EIG,KG,D UC/KC/D-l RlSK 

AS 5.25E-03 4.00E+Ol 25550 a.22E-Ob 1.75E+OO 1.44E-05 
SE 2.20E-03 C.OOE+Ol 25550 3.&E-04 4.30E+OO 1.4aE-05 
BIS" l.C9E-03 4.00E+Ol 25550 2.33E-06 1.40E-02 3.27E-08 

TIITAI PaYPcD Dlrl IPYEYrPat c\ .-._.- - ..--.. ..-- ._.._... -__, ----------------------------) 2.92:~05 
_--__--_-__--__-_--_____________________------------~------------------~-----~---~--- 

l GIS = Sis(Z-ethylhexyl)phthalate 

I-C4 



TABLE c-2. CONCENTRATIONS OF RADIONUCLIDES AND PARAMETERS USED IN TM RISK ASSESS”ENT OF 
IbjGESTIDR OF SOIL (RESIDENTIAL SCENARIO) FOR THE TRA UARM UASTE POWD. 

-~-~-~------~---_-______________________------~~~~-~-~-~~~----~----~~~~~~~~~~.~~~~~~~~~~~ 

CARCINOGENIC EFFECTS 

ING. RATE EF ED 

G/D DAYSIYR YEARS 

““.I ” CY”“Cll”C *n&L” LnrUaYnL 0.2 35D I 

ADULT EXPOSURE 0.1 350 

TOTAL EXWSURE (CHILD AND ADULT, 

RAD. 

c;+: 

CO-60 
SR-90 
cs-134 
cs-137 
EU-152 
EU-154 
W-228 
Tlb230 
I”-7-7 In-L.#L 
u-234 
u-23a 
w-238 
w-239 
AM-241 
CM-244 

CONC. 
&i/G 

n nnnr.nn “.“UYS-“” 
9.000E-03 
5.onE+o1 
O.DDOE+OO 
l.l56E+03 
6.55DE-01 
1.90DE-02 
1 .D32E+Ol 
1.419E+Ol 
. 7nnC.n” I .A”“&-“” 
S.&ME+00 
1.610E+OD 
4.630E+OO 
1.904E+Ol 
6.976E+OO 
1.47DE-01 

TOTAL 
INTAKE GI FACTOR ING. SF 

G pci -1 

. 7l”.“7 . ““” “. , -“” ., I.LOCT”2 I.Y”C-“I *.‘“C-,* 
l.t6E+03 3.00E-01 l.SOE-11 
1.26E+D3 3.00E-01 3.30E-11 
1.26E+03 9.50E-01 4.20E-11 
1.26E+03 9.50E-01 Z.BOE-11 
1.2&*03 l.DOE-02 Z.lDE-12 
1.2&+03 l.OOE-02 3.DDE-12 
1.26E+D3 2..OOE-04 l.SOE-11 
1.26E+D3 Z.OOE-04 2.40E-11 
. Ill”.“., 7 ““” n, - .“” . . I.c~-“~ L.““c-“* ‘.L”S- 8 I 
1.26E+O3 Z.DOE-01 1.4DE-10 
1.26E+03 t.OOE-01 1.3DE-ID 
1.26E+03 l.DOE-03 2.8DE-10 
1.26E+D3 l.OOE-04 3.10E-11 
1.26E+D3 l.DOE-03 3.10E-10 
1.26E+03 l.OOE-03 Z.DOE-10 

SDlL 
INGESTION 

c 

I -^“.“- 
l .L”C-YC 

8.40E+02 

1.26E+O3 

UNIT RISK 
pci/C -1 

c -” *. 2.LIC-II 
1.89E-08 
4.16E-08 
5.29E-08 
3.53E-08 
2.65E-09 
3.78E-09 
1.89E-08 
3.02E-08 
- - ^” c.,,C-W 
1.76E-07 
1.64E-07 
3.53E-07 
3.91E-08 
3.91E-07 
2.52E-07 

RISK 

^ ^^“.^^ 
“.““CIU” 

S.lOE-11 
6.33E-07 
O.OOE+OO 
3.87E-05 
l.TJE-11 
7.18E-13 
3.90E-11 
8.58E-11 
. -.- . . ,.LIC-IL 
2.07E-07 
5.27E-08 
1.63E-09 
7.44E-11 
Z.RE-09 
3.7DE-11 

TOTAL CANCER RISK (RABIONUCLIDES) --------------------> 3.96E-05 
-------_________________________________.---------------------~--~---------~---~--------. 
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INTERIM-ACTION RISK ASSESSMENT FOR 
THE TEST REACTOR AREA WARM WASTE LEACH POND 

(OU-Z-10) 

II. ECOLOGICAL ASSESSMENT 

1. INTRODUCTION 

Ecological assessment is a qualitative and quantitative evaluation of the 
actual or potential effects of a hazardous waste site on plants and wildlife. 
The ecological assessment parallels the human health assessment, in that data 
on exposure and toxicity are combined to estimate the impact to the 
environment. Ecological risk evaluation will determine risk to populations of 
organisms. Individual risks will be evaluated only in cases where a species 
has been categorized as endangered, threatened, rare, sensitive, or where 
habitat has been designated as sensitive. Relevant toxicity data will be 
quant!fied at an individual level. Extrapolation from individual effects will 

determine the effects to a population of organisms. This ecological 
evaluation follows the EPA Risk Assessment Guidance for Superfund, Volume 1; 
Human Health Evaluation Manual,' and Volume 2; Environmental Evaluation 
Manual,' and Interagency Agreement. 

The purpose of the ecological assessment is to provide an interim-action 
risk assessment for the TRA Warm Waste Ponds. This ecological section 
contains five parts: characterization of the operable unit (TRA-WWP lo-2), 
exposure assessment, toxicity assessment, risk characterization, and 
uncertainties evaluation. Characterization of the operable unit is an 
overview of the potential species and habitat that may be impacted by 
contaminants. The exposure assessment identifies the amount of contaminants 
organisms are actually or potentially exposed to, and the significant routes 
of exposure. The toxicity assessment identifies the potential contaminants 
and the effects of the contaminants. The risk characterization evaluates the 

risk of contaminants to populations of organisms. Uncertainties of the risk 
assessment briefly discusses the limitations of this evaluation. Each is an 
integral part of the assessment process. 
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2. SITE CHARACTERIZATION 

The warm waste ponds are located in a semi-arid desert environment on the 
eastern end of the predominantly level Snake River Plain. The majority of the 
soil at the site is poorly sorted gavels, gravelly sands, and sands with some 
fine-grained materials. The Big Lost River, Little Lost River, and Birch 

Creek drain the mountain watersheds located north and northwest of the INEL. 
Flood diversion dams were built to divert flooding of the INEL facilities. 
The TRA-WP were oriainallv constructed in I952 and expanded in 1957 and 1964. d ~~~~ ~.. 
The ponds are used primarily to dispose of low-level radioactive waste water 
from operating reactors. In the past they have also received cooling water 
blowdown; ion-exchange and water softener regenerated wastes: and other cold 

and warm wastes from laboratory and support buildings at TRA. For the 
purposes of this evaluation, the conditions at the waste disposal area are as 
follows: oond 64 is drv* pond 52 is one-third full: and pond 57 is full. I~ ~~.: 

TRA is characterized as located within a cold-desert region of the Great 
Basin of the Snake River Plain, The veaetation of the operable unit is -d-~-~~-~~ 
typical of a semi-arid desert environment. Big sagebrush (Artemisia 
tridentata) dominates the INEL vegetation. Bottlebrush squiretail (Sitanion 
hvstrixl. winterfat (Eurotia lanatal. needle-and-thread (Stioa comata), and .._--. . . . . I --. .-- \ ~~~~~~ ~~,, ~~~~~~~~ ~~~~~~ 
bluebunch wheatgrass (Aaroovron soicatum) are examples of the more frequently 
occurring understory species3. 

Small mammals were reported to be the most frequently occurring wildlife 
inhabiting the INEL4. The deer mouse (Peromvscus maniculatus) was reported 
hv Markham ICDD Reference 4) to be the finst &~n&fit g!a!! mamma!; -, . -. . . -... \ - - - Other 

common small mammal species include montane vole (Microtus montanus), Ord's 
kangaroo rat (Bioodomvs ordii), Townsend's ground squirrel (Soermoohilus 
tngnsend;;), 2nd jelst rhinmalnk !Eitamias mifiimgr\~ -. . . r _. . . . I- Small mama] nnntrlat~innz r-r-.--.---- 

are suggested to be an important food source for snakes, predatory mammals, 
and birds of desert environments. Other mammals reported sighted at the TRA 
are. are cnvntcac (Canis latrans), -.,J-"-- pronghorn (.&-gtjlocanra amerirana\~ mule deer - -. -, ) 
(Odocoioeus hemionus), pygmy rabbit (Svlvilaous idahoensis), and mountain 
cottontail (Svlvilaous nuttalli)5. 
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The INEL area supports a variety of raptor, sport, and passerine birds. 
Rough legged hawk (Buteo lasoous) is the most frequently observed raptor on 
site. Bald eagle, golden eagle, and prairie falcon densities have been 
monitored on site by Radiological & Environmental Science Laboratory (RESL). 
Raptors have been used as an indicator of the general health of an 
environment. Markham6 has listed the mallard duck (Anas olatvrhvnchos) as a 
common sports species, and has reported that this species utilizes the ponds 
for food and for short resting stops. Radionuclide uptake and exposure 

effects have been evaluated in the following species: sage grouse 
(Centrocercus uroohasianus), wood ducks (Aix soonsa), raptors, and barn 
swallow (Hirundo rustica). 

Arthropods are a major food source for birds near the ponds. The 
principal aquatic invertebrates utilized by the birds at the TRA ponds are 
dragonflies, damselflies, mayflies, water boatman, diving beetles, midges and 
caddisflies'. Evaluation of invertebrates is limited by the amount and 
quality of available information. 



3. EXPOSURE ASSESSMENT 

This section identifies actual and potential exposure of vegetation and' 
wildlife to contaminants, exposure pathways, and sensitive species that 
utilize the TRA Warm Waste Ponds. To document the important ecological 
characteristics of the site and to evaluate the effects on the local 
ecosystem, previous documents published on the ecology of the operable unit 
were reviewed. To complement site-published documents, the following agencies 
were contacted for saaebrush ecosystem and site-specific natural history 

information: U.S. Fish & Wildlife, U.S. Bureau of Land Management, Natural 
Heritage List, and U.S. Forest Service. A literature search was performed to 
identify toxic research information and to identify possible endangered, 

threatened, or sensitive species located at the TRA Warm Waste Ponds. 

3.1 Identification and Ouantification of Hazardous Substances 

This section describes the identification and quantification of 
contaminants at the TRA Warm Waste Pond. The estimate of impact will be a 

qualitative and quantitative evaluation (when data is available). The 
identification and quantification of potential hazardous substances were based 
on exlstina data from reoorts written by Hulla and Frazier et al.' The 

screening was conducted to select the contaminants which present the greatest 
hazard based on toxicity, mobility, and quantity. The initial screening 
revealed 14 contaminants reouirina further examination. This number was 

limited by the available toxicological data for specific contaminants. 

Thn human hw1t.h inv~ntnrv section ITable 1-L and Table I-2) described ..- ..-...-.. ..--. . 

the chemicals and radionuclides. The following contaminants were determined 

to be related to the ecological evaluation: 

Soil: Arsenic, bis(2-ethylhexyl) phthalate, cadmium, chromium, 
lead, mercury, and zinc 

Surface water: Am-7Al~ Cc-117. I-]3], pg-23gi &-9Qj U-234, . - - , - - - - . , 

and U-238. 
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3.2 Exposure Pathwavs 

Present conditions at the operable unit (TRA-WWP 10-2) create a 
possibility of exposure to wildlife from both soil and pond water. Food web 
connections detail the interaction of plant and animal components within the 
site ecosystem (see Figure 11-l). The population most exposed to soil are the 
burrowing fauna utilizing pond 62. Ponds 52 and 57 (surface water) pose a 
point of exposure for wildlife consuming the water and consuming arthropods 
attracted to water. A fence does surround the TRA ponds, but this has not 
proven to be a deterrent to wildlife utilizing the water source. 

This environmental exposure assessment ~examined the two most significant 
exposure pathways for which data are available. The pathways considered are 
as follows: ingestion of water (liquid waste) and ingestion of contaminated 
soil (sediments). Not all transport pathways were addressed because of the 
lack of available toxicity values. 

No sensitive ecosystems were identified at TRA-WWP. Ecological indicator 
species were identified for the TRA ponds and evaluated. Radiation dose to 
wildlife was provided by Radiological and Environmental Science Laboratory 
(RESL). Previous research for ducks utilizing the pond and for the ecological 
indicator species were also obtained from RESL. Specific toxicity information 
is limited for sagebrush ecosystem wildlife and plants. Toxicity values from 
surrogate laboratory.species were used to compare to estimated environmental 
concentrations (EEC). Extrapolation from these studies to the TRA Warm Waste 
Ponds is a source of uncertainty, as discussed in Section 6. 
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4. TOXICITY ASSESSMENT 

This section gives a brief description of the screening of contaminants 
and the toxic effects of the site-related contaminants to biota. In addition, 

any available chemical-specific or radionuclide standards, criteria, methods, 
and guidance are identified. -Appropriate toxicity~criteria have not been 
developed for all terrestrial wildlife. Relevant criteria have been developed 

and are utilized in this report for most of the chemicals. A more detailed 
discussion of the toxic effects and criteria is presented below. 

4.1 Initial Screening 

Surface waters were evaluated for toxicity to wildlife drinking from the 
pond. Toxic concentrations were estimated from reference doses, using the 
assumptions and method presented in the Appendix II-A. Reference values used 
to evaluate toxicity to drinking water were from on-line searches of the 
Regisbry of Toxic Effects (RTECS) database, and previous research from RESL. 

Exposure values for terrestrial organisms to radiation were taken from Oak 
Ridge National Laboratory (ORNL) Foreign Trip Report". Chemical toxicity to 
organisms drinking the water could not be evaluated due ta lack of sampling 
data. 

Soil concentrations were compared to reference sources, or on-line 
searches of RTECS and Plant Toxicity Data (PHYTOTOX). To evaluate toxicity to 
plants, soil concentrations were compared with values derived from 
"Environmental Profiles Hazard Indices for Constituents of Municipal Sludge" 
(EPA series produced by the Office of Water, Regulations and Standards; US 
Environmental Protection Agency, 1985) and "Arsenic Hazards to Fish, Wildlife, 
and Invertebrates: A Synoptic Review"". The following is a description of 

the toxic values, methods, limits, and effects used to compare to the 
estimated environmental concentrations. 

Ii-9 
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4.2 Chemicals 

Nine chemicals were evaluated for toxicity to wildlife by ingestion of 

soil. Reference soil concentrations (m/g dry weight) were obtained for 
toxicity to: (1) soil biota, (2) plants, (3) predators consuming soil biota, 
and herbivores (when available). Small mammal were evaluated by taking the 
lowest toxic dose (LO,,) converted to soil concentrations by estimating the 
amount of soil ingested by each particular organism. These estimates were 
derived (as explained in detail in Appendix IT-A) based on assumptions used in 

the ecological risk assessment". 

4,2-I Arsenic 

The toxicity value of arsenic in soil used to compare to environmental 
concentrations was 3,4 to 9-5 ma/ka. These toxicity values are considered Ed, ~" 
conservative for the protection of vegetation (Eisler, 1988). 

, 

llenrerred crnD vields have been recorded for arsenic levels at 4 to 38 --r- ----- -- -r ..-.-- ..-.- ---.. 

mg/L of water-soluble soil. Arsenic availability to plants is highest in 
coarse-textured soils having little colloidal material and little ion exchange 
ranaritv. Tn h@ ahsnrhwl hv nlants. arsenic romnnlrndz must be in a_ mobile form --r--. -., - ._ -- ---_. __- _~ r.-.---r __ __.. _ --... I---.--- 

in the soil solution. High concentrations of arsenic are considered toxic to 
plants. Plants exposed to arsenic exhibit decreased mitosis, photosynthesis, 
resniratinn. and interference ~4th nucleic acid and orotein svntbesis. _-r___-.-..I _..- 

Kabata-Pandas13 reported that soil concentrations as low as 15 mg/kg soil are 
phytotoxic. Soil microorganisms, capable of tolerating and metabolizing 
relatively high concentrations of arsenic have beefi rP"nrted'41 -I--. --- To achieve 

no observable effects in vegetation, the criteria of tl mg total water-soluble 
soil As/L and ~25 mg total As/kg soil is suggested (see Reference 9). 
Tnuiritv jnfnrmlt;an fnr nlantc yzs &tajned from P!jYTaTQY 2nd Contaminant .““.-.“, r.-..“- 

Hazard Reviews Report No. 12 from the US Fish and Wildlife Service (see 
Reference 9). 

Large mammals may be,affected by arsenic levels from soil contamination. 
In areas where arsenic acid was used to control Johnson grass, white-tailed 
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deer were killed from feeding in the area where soil contained approximately 
2.4 mg/kg (see Reference 9). Small-mammal toxicity values from laboratory 
research were compared to onsite soil concentrations (Table II-l). Hazard 
ratios were derived from comparing reference toxicity values obtained from 
RTECS and Contaminant Hazard Reviews Report No. 12 from the US Fish and 
Wildlife Service (see Reference 9) to estimated environmental concentration. 

The sediment arsenic concentrations at TRA (5.25 mg/kg) are more than 
twice the toxic soil concentrations for white-tail deer in one area (see above 
paragraph). The concentration is much less than the phytotoxic value of 15 

w/kg. The concentration of arsenic in soil is above the soil toxicity values 
for plants derived from the EPA Environmental Profiles and Hazard 
Indices" (45 a/g). 

4.2.2 BisIE-ethvlhexvl) ohthalate 

Uimited data exist on bis(2-ethylhexyl) phthalate. Laboratory studies 
report bis(2-ethylhexyl) phthalate to be carcinogenic, causing increased 
incidence of hepatocellular carcinomas or neoplastic nodules following oral 
administration. Chronic exposures to relatively high concentrations of this 
chemical in the diet can cause retardation of growth and increased liver and 
kidney weights. This chemical is not acutely toxic; an oral LD,, (lethal 
dose where 50% of the population dies) of 31,000 mg/kg has been reported in 
laboratory animals16 (species not reported). 

Concentrations of bis() phthalate (Table I-l) in the soil at TRA are 1.49 
ma/kg; this does -not approach the oral dose given above. A comolete r~-~- 
evaluation could not be performed because of lack of information on the 
chemical. 

4.2.3 Cadmium 

Crops experience decreased yield when exnored tn ca_dmium= The toxic ---r---- -- 

benchmark ranges have been reported as low as 2.5 a/g to as high as 640 a/g. 
The following toxicity values were taken from EPA Environmental Profiles (see 
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Arsenic 

IBeryllium 

Bis()phth 

Cadmium 
b-4 
I Chromium 
L 

Cyanide 

Table IFI. Ratio of estim#ated environmental concentrations compared to toxicity reference values at the 
TRA Warm Waste Pond. 

IRatio of On-Site Concentration ValuetoReference Values for Toxicity to: 
_--.,.~. 

TRA WWP 
Ingestion of Soil Soil Summary 

iPo1 lutant IRat #Mouse Rabbit Values - 
AT?q/kq) 

.oooo .oooo .OOOl 5.25 

.0014 .OOOl 2.20 

1.49 

.OOOl .oooo .0004 3.12 

.0406 .0020 338~.00 

.0002 .0002 .0020 0.98 

.0097 .OOOl .0077 17.80 

.0004 .OOOl 2.6'9 

.0025 .0003 .OOl 143.00 

2.4,E-6 

8.4,E-8 

3.5E-8 

6.E:-7 

9.E:-4 

4.78 

Lead 

Mercury 

Zinc 

Am-241 

Cm-244 

cs-134 

Pu-238 

u-234 

U-238 

.oooo .oooo 

.oooo .0003 

.oooo .oooo .5486 

.OOOl .00001 .0027 



Reference 12): soil toxicity to plants, 2.5 w/g soil dry weight (DW); soil 
toxicity to predators, 0.22 w/g soil dry weight; soil toxicity to herbivores, 
17.9 rrqjg.soil dry weight (Table 11-2). 

The estimate of soil toxicity for predators (0.22 a/g) was reported from 
a study of chickens.feeding on soil biota which exhibit a high rate of uptake 
of cadmium from soil. This estimate could be considered high for the 
environment at the TRA Warm Waste Ponds. It is extremely difficult to apply 

the result of this experiment to the effects on a sagebrush ecosystem. 

Concentrations of cadmium (Table I-l) at the operable unit are 3.12 

mgjkg. The sediment concentration values exceed the experimental toxicity 
values given in the previous paragraph for plant and predators. Based on the 

concentration in soil, cadmium will be toxic to plants (decreased yield) and 
predators (decreased egg production), but will not be toxic to herbivores. 

t 4.2.4 Chromium 

The profile and hazard indices for chromium are as follows: soil toxicity 
to plants, 200 Irg/g soil dry weight (DW); and soil toxicity to predators, 4000 

w/g soil (DW); (Table 11-2). 

Chromium concentrations in the TRA soil (338 mg/kg) may be of concern 
for plants but will not be of concern for soil toxicity to predators. 
Chromium has slow mobility within the plant and accumulates in the lower 
stems". Wildlife cannot be evaluated because toxicological information on 
chromium has not been established. 

4.2.5 Zinc 

Toxicity to predators from soil biota is a function of uptake rates by 
the biota and food concentrations toxic to predators. Available studies on 
uptake indicate a toxic range for earthworms of 0.078 to 2.95 w/g and a toxic 



Table 11-2. Parameters and toxicity values derived from the EPA Environmental Profiles and Hazard Indices 
for Constituents of Municipal Sludge. 

Metal 

- 

Soil 
Toxicity tcl 
Soil Biota 

lug/g soil DW) 

Soil Soil 
Taxicity to Toxici,ty to 
Pl,ants Predators 
(umglg soil DW) (us/g zsoil) 

Soil 
Toxicity to 
Herbivores 
(lg/g soil DW) 

As 45 962 

6e 2 1 0.33 

Cd 2.5 17.9 7.9 

+i- Cr 

r 

200 4000 12346 

Zn 1100 224 42.4 211 

- -- 



value of 0.28 pgg/g for the woodlouse. Toxic concentrations of contaminated 
food indicate toxic effects to quail at 125 w/g and lethal effects at 2000 
I&O. The maximum tolerable level for chickens is given as 1000 .&g, at r-a, _I 
which point they begin experiencing decreased growth. These data suggest a 
possible toxic effect to birds, but doses will not be lethal (see Reference 
13) I 

Concentrations of zinc (Table I-l) in the soil at TRA are calculated at 
I43 mdko. This concentration has been reported to be toxic to certain _I, ~-_I 
species. The preliminary screening indicated that zinc exceeds the toxic 
limit for soil toxicity to predators (soil concentration of 42 a/g), which 
cuooests a q ossibility of toxic effects occurring to predators. Zinc does not --a-- ~- r---~~~~ 
exceed the concentrations toxic to plants and herbivores; reference values are 
set at 224 w/g for plants, and 211 w/g for herbivores (Table 11-2). The 
above values are for species-specific, limiting the evaluation of a sagebrush 

environment. 

4.3 Radionuclides 

The radionuclide evaluationwas limited by the lack of exposure standards 
to comnare to onsite values. r-- - In the absence of EPA standards, onsite values 
were compared to a limit suggested to International Atomic Energy Agency 
(IAEA) by Dr. Gordon Blaylock (see Reference 10) and to reference values when 
available. _._.. --.-. 

4.3.1 Iodine-131 

Iodine-131 concentrations (Table I-2) were compared to a toxic value 
obtained from RTECS to arrive at a hazard index. Ingestion of pond water was 
evaluated !y rnmnarino the oo site environmental concentrations to a derived ---.I--- '..a 

toxic concentration to determine a hazard quotient. Iodine concentrations 
(Table 11-3) from this evaluation of the pond water indicate concern for 
rnvntnc rnnwmino water at the nond. - -, - - - - - - - - = r-.--~ 



Table 11-3. Ratio olf water siample concentrations compared to toxicity reference values at the TRA Warm 
Waste Pond. .q 

- 

Pollutant 
- 

Am241 

Ratio of On-Site Values to Toxicity Values for Toxicity to: 
Inlgestion alf Pond Water 

Fit Mouse Rabbit Dogs 
- 

-- 
TRA WWP 
Water 

Values 
l&IL!- 

3.35"7' 

Cm244 I.2E-9 

cs-137 .0~000 .oooo 6.4E-6 

4 
I-131 1.36!j 8.2E-.4 

E 
Pu-239 .01000 .004 . 0000 6.8E-6 

Sk-90 . 0000 I.lE-5 

U-234 .2490 .oooo . 0000 .51 

U-238 .01000 . 0000 .004 6.4E-6 

= Ratio > 1 -. 



4.3.2 Cs-137 

Covotes are exoosed to radiation by inaestion of nond water and of --., --- -- - ---r---- -- 
rodents consumed near the ponds. Arthur et al.'* reported that coyote fecal 
concentrations of both Cs-137 (19.9 pCi/g) and Sr-90 (7.6 pCi/g) were 
sianificantlv areater (P~c 0.051 than those samnles collected from the control ._I.- .--.~..- * -~--~ .~ - -~~-I racy ~~~~~.~.~ ~~~~~~ 
areas. Alone this study does not establish concern, but this information can 
support the finding presented in Table 11-3. 

4.3.3 Strontium-90 

The suaaected exnosnre limits were used for strontium-90$ due to lack of ~=-___- ___r-_-. - 
standards. Markham et al. (see Reference 4) studied ducks maintained on a the 
TRA leaching pond. The mean dose rate to ducks on the pond from Sr-90 
laccountina for 97% of the dose) was 69 mrad per day. \~~.~~~~~~~ ~~~* The dose received by 
ducks per day was compared to the suggested limit of .l to .5 rad/day. 

F 

RESL has conducted studies on combined radiological exposure to organisms 
on the TNFI _.. _..- _..--. These studies WPW used to determine the amount of radiation ..--- __--.__ .._. _ __-- -_ ____. .._. - -.._ _. - _._ -. 
organisms were receiving onsite. As described by EPA guidelines, ecological 
species that reflect the condition of the environment and possible food chain 
linkaae wprp identified, ..--.-a- Ranters and aassp?riner have been used as indicator .--r --- - _..- F----. ..-- ..-.- 

species in many studies to reflect the condition of the environment. 

Research at the nnernhla unit has addressed radiation to a variety of -I--. --'- 
organisms using the TRA ponds. When evaluating radiation to organisms, the 
most relevant exposure is to the reproductive organs. Craig et a1.19 
calculated radionucli& cQncentrat;ons ;n three rantnrc ut;j;z;ng small . -r --. - 
mammals from the TRA area. Assuming a quality factor of one, based on the 
radionuclide concentrations, doses to raptors from internal gamma-emitting 
rad;onucli&s rannd from 0 to 0.1 mrad/dav . ~..=-I . ..* -~, --, . ,Jd~jt bzrfl siajjnur innactinn . . = - - - = 

pond arthropods for food and contaminated mud for nest construction received 

22 mrad per day (see Reference 5). Concentrations of radionuclides were 
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measured in the tissues of mallard ducks inhabiting the leaching ponds for 43- 
145 days. The mean dose rate to experimental ducks was 69 mrad/day (see 
Reference 41. The dose to oraanisms from each study can be compared to the ..-. -. -.._- _, 
suggested dose limit for terrestrial organisms. These studies imply that 
organisms exposed to radiation are not exceeding the suggested limit of .1 to 
;5 rad/dav fTahle 11-4); --I --a \.---- 
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Table 11-4. Comparison of aln-site values to IAEA suggested expasure limits for terrestrial organisms &. the 
TRA Warm Waste Pond. 

S'PECIES 
On-Site Exposure E:xposure iimits for 
Values Terrestrial1 Organirims 

Ducks 

Elarn swallows 

69 mrad/d .l - .5 Rads/d 

22 mrad/d .l - .5 Rads/d 
45 rad/season* 

Raptors 0 - 0.1 mradl'd ..l - .5 Rads/d 

2 

dt Dose rate to thyroid 



5. RISK CHARACTERIZATION 

Ecn!ngjca! risk assessment eyaluates adverse effects to nnnlllatinns as r-r-.--.---- 

opposed to individual organisms. The extent to which adverse effects on 
populations are measured is related to changes in rates of mortality, birth, 
imminr2tinn .,**....>. ““.“.., 2nd nminr>tinn -....=. --.".. _ These fnn~tianr are i3ffPCtPd h,V tnxicitv. -. -__-- .-...... * ~ 

mobility and quantity of contaminant. Adverse effects on individual organisms 
may be important when endangered species are being considered, where the loss 
of z fe: igd;vjdgJr frnfi the nnnlilatinn may haye a_ sionificant effect on the r-r-.--.--- -.a---- ------ 

continued existence of the species. Indicator species are used to reflect the 

general health of the ecosystem. 

In this section, impacts on environmental populations are assessed based 
on the exposure and toxicity estimates presented in this document. According 
to EPA gu;dejjnes'0 , nnnrarrinnnmir risk yi!j he hacwl on the ra_tio of the . . " . . " " . - . . . " = -. - -- ----- 

estimated environmental concentrations to the appropriate toxicological 
criterion (when available). This ratio is defined as a hazard quotient. For 
rinnla snrl malltinlo rhamiral accoccmnntc~ cnncern jevp]s have hppn arhitrarilv _I I "J I" "I," .I.". 1. * ." " .,",,,, "". "I ----...-..--, ..-.- ---.. -. -. -- -- -< 

set as follows: no concern, quotient ( 0.1; possible concern, 0.1 5 quotient 5 
10; probable concern, quotient 2 10. .For multiple contaminant screening, the 
n#lntic,ntr Sk-P sumed to calculate a hazard in&x* .+"Y"*",,"" ..I" 

When toxicological criteria were not available, two approaches were taken 
+,l n,.>,,,.+n PYn.-.cIIw.cp tn UilAlif~ ad n1antc b” C.UI”..IC ~~~“1”” I” “.,“,.I” “..” y.“..““. Research from the site was 

reviewed to establish exposure concentration to an organism; this dose was 
compared to the radiation limit for terrestrial organisms suggested by the 
T,lCfi I"L". When in+ems1 LI"nnPII~cp rnnrnntr.tinnc were not knnwn IIICCI l,Ul 'qa"..". c ""*,-",*"a ""1"s." . . . . I . ...) rarnnncoc to . -"r ".."_" 
exposure concentrations were compared with control responses (no exposure) to 
test the null hypothesis that they are the same as the control responses. 
,,r:P.n l.*m"+hP.r:e +e.-+inn n-n.-nAtw.,,r +h.+ cat .lnh. s Q.05, ofi2 ayei& ua "'y ,'Jp"b".za Ia c.'r~r,,,y y, ".,=""I -a .,I,.... au* “‘y”’ 

declaring that a concentration is toxic when it is not toxic. 
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5.1 Chemica]s 

Wildlife in semi-arid desert environment are attracted to surface,water. 
The risk to wildlife and plants appears to be from chemical concentrations in 
the soil at the 64 dry pond. This area is likely to be used by wildlife and 
sagebrush biota. Although there appears to be no risk to small mammals from 
the chemicals (Table II-l and Table ~II-2), this does not appear to be the case 
for other species occurring at the site. 

Based on these results and established toxicity values, arsenic 
concentrations (Table II-I and Table 11-2) in the soil at TRA may pose some 
concern for plants, large mammals, and predators. These results vary greatly 
according to the plant species considered for the toxicity testing. The 
toxicity values are considered to be very conservative for the protection of 
plants. These concentrations may be toxic to large mammals but have been 
shown to have been tolerated by small mammals. 

t 
Restricted by the assumptions of the toxicity evaluations for cadmium, 

TRA-WWP exceeds soil toxicity values for predators and plants. The,, 
possibility of cadmium being toxic to plants assumes~ that the uptake of 
cadmium by plants onsite, and resultant effects, are similar to those of 
tested vegetation. This may represent a conservative approach due to 
different uptake factors between species. 

Concentrations of.chromium may be harmful to plants but does not exceed 
toxic limits for soil toxicity to predators. This is considered to be a 
conservative approach because of the limited number of species tested for 
toxicity to chromium. Wildlife exposure to chromium cannot be evaluated, due 
to lack of information. 

Zinc concentrations in soil exceed the derived toxicity values for soil 
toxicity by ingestion to predators. There is only a slight possibility of 
zinc being toxic to predators. This evaluation shows zinc no concern for 

plants and herbivores. 



5.2 Radionuclides 

Wilrllifa hat annractrictd IPP~CC tn hnth uatnr ad cnil frnm thn “, ,“. . *.. . . . . “... . ...“. .““_” “----- “” “““.. ..““-. -..- -“. . . . I... I.._ 

contaminated area. Radionuclide effects were evaluated through two pathways: 
water consumption by wildlife and soil ingestion by mammals. The onsite 
tnviritv vz!ges far ingestigfi of sg;J did fint exceed jeve!r of CnflCprfi for “.,,..“.“J 

small mammals. The concentrations of waterfowl exposure to radionuclides are 
below IAEA suggested limits for terrestrial organisms, with the exception of 
l,ViiPW?.-l21 Rarnrl nn th,n .nslvcic ~““I,.~ I”&. “IS_” “I. “11.. ..,,‘.,-r-, !&jnn-!3! cngjd be of nnccihln concern tg r-“-.I.- 

some species. 

5.3 Conclusions 

Any continued leaching of chemicals from the TRA ponds into soil could 
h3,m whrnrrn nffartr tn WilAlifP anA nls”tc ,lY.L Y”.bI_1C U.IL..“I I” .,,a”,,,- I&q” *.“..““. Aerial photographs show no 

vegetation at the 52 and 57 ponds and sparse vegetation at the dry 64 pond. 
Leachate may be able to form during wet periods. This leaching could 
n,x+an+i.11v PYnnPP vann+.+inn wilrnifa anA nthnr hint. tn tnvir ~"CC"L.'U'IJ z"p"ab .b>L..Y""", ..I,"# mm-, "I," I"..-, ".W".. 1.. """... 
concentrations. An evaluation of pond water effects to terrestrial organisms 
could not be evaluated because chemical sampling data were not available. 

After reviewing the research on wildlife exposure to radionuclides, and 
considering the lack of established radionuclide values, radiation exposure is 
cot lilr,3,\, +n avrnsrl +)\a rn,nnac+d +nrrac+ri.l limitr nrt.hlirhwl hv ‘I&CA I '"r,, C" =*..=cu Cllr .3"yy.za'cY Is., ,.A*-, I”, I ,1*1*1.z ..I”““, 1-1*-” “J *,.-a.. 

The ecological indicator species affected by the radionuclide discharges do 

not appear to have adverse effects to reproduction. 

II-22 



6. UNCERTAINTIES 

The values and procedures used to assess risks in this evaluation are 
subject to a wide variety of uncertainties. Following is a list of the 
sources of uncertainties in this evaluation: 

. Ecological effects seldom occur in isolation from other stresses 

. Duantitative estimates of exposure are lacking 

. Environmental parameter measurements are inadequate 

. Toxicological data gaps 

. Environmental sampling gaps 

A$ the present time, there is not an established standard for exposure to 
radionuclides by terrestrial organisms. In the absence of this information, 
this report utilized verbal communications with Dr. Gordon Blaylock, Oak Ridge 
National Laboratory (ORNL), and a letter report from Dr. Gordon Blaylock to 
IAEA suggesting a radiation limit to terrestrial organisms (see Reference 10). 
This limit has not been accepted or peer reviewed. Uncertainty in the 

radionuclide evaluation may prevent the detection of acute effects occurring 
to organisms. This flaw may lead to underestimation of the risks in the 
maximum exposure scenarios. 
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II-A. APPENDIX 

TRA WARM WASTE POND 

ECOLOGICAL TOXICITY SCREENING ASSESSMENT METHODS 

Soil Ingestion by Wildlife 

1. Assumptions 

The following assumptions for this ecological assessment were: 

Ingestion Rate: Mouse - 5% of body weight; rabbit - 7.5 g/d; mallard - 5 g/d. 
Body Weight: mallard - 1 kg; rabbit - 1 kg; mouse - 0.03; rat -0.25. 

In addition to soil intake, organisms were assumed to ingest a certain 
amount of the poiiutant concentration in the soii. Rabbits Were assumed to 
ingest 67.5 g of vegetation with a 1% pollutant concentration; mice were assumed 
to ingest 1.35 g with 1% concentration for vegetation; prey 10% concentration for 
prey items; and mallards were assumed to ingest 45 g (3/4 of which is vegetation 
at i% COnCentratiOni and I/4 inSeCts at 18% concentration). 

2. Calculations 

Total ingestion rate of a poiiutant in soii was then estimated by summing 
the values for ingestion of soil, vegetation, and prey for each organism 
(mallards = 8.4875 g; rabbit = 8.175 g; mouse = .224 g; rat = 1.5 g/d). Adding 
the intake of pollutants from vegetation and prey increased the intake due only 
tc S~;i ingestjon h)J annmuimatolv io-‘;O”/-; “pr. I,, . . ..--- ., 

Using these assumptions, and standardizing reported units, toxic dosages 
were converted to soil concentrations using the formula: 

Soil Concentration (mg/kg soil) = ]Bodv weiaht ikai x Dose imaikaidil 
Intake (kg soil/d) 

IJ:lrllifn nrinlrinn “8 ,“I II= YI IIIRIII.4 jurface w.tPb- .._“_. 

1. Assumptions 

The following assumptions for this ecological assessment were: 

Intake: Herbivores drink 10% of their body weight (L/kg/d) and carnivores drink 
30% of body weight. 

nP.rhr un:nlr+ . """J nstytm*. dog - 10 kg; rg$;t - 1 kg; rat - 0.25 kg; mn,,ro IIll? . ..---- - . -- * 

Additional assumptions made here include: 
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All organisms-have the same relationship between body weight and intake as 
assumed above. 

2. Calculations 

Using these assumptions, and standardizing reported units, toxic dosages 
were converted to water concentrations using the formula: 

Water Concentration (mL/d) = IBodv Weiqht (kol x Dose (ma/k&d) x 1000 (m/mo)l 
Intake (L/d) 
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